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The k i n e t i c s of t h e a c i d - c a t a l y z e d h y d r a t i o n o f i s o b u t y r a l d e h y d e 
was s t u d i e d u s i n g n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t r y . The e q u a ­
t i o n s u s e d f o r d e t e r m i n i n g t h e f i r s t - o r d e r r a t e c o n s t a n t of r a p i d r e ­
a c t i o n s from changes i n l i n e s h a p e s i n t h e n u c l e a r m a g n e t i c r e s o n a n c e 
s p e c t r a , a s d e v e l o p e d by McConnell and u s e d by Charman, V i n a r d , and 
K r e e v o y , were a p p l i e d t o t h e h y d r a t i o n r e a c t i o n . The s e c o n d - o r d e r r a t e 
c o n s t a n t f o r a c i d - c a t a l y z e d h y d r a t i o n was found t o be 442 ± 24 „ 1 . - m . - s e c 
a t 3 5 ° . T h i s v a l u e i s i n r e a s o n a b l e ag reemen t w i t h t h e s t u d i e s of t h e 
h y d r a t i o n of i s o b u t y r a l d e h y d e and a c e t a l d e h y d e by B e l l , McTigue and c o ­
w o r k e r s who u s e d c a l o r i m e t r i c k i n e t i c t e c h n i q u e s . 
V a l u e s of 0 .604 a t 25° and 0 . 4 2 3 a t 35° were o b t a i n e d f o r t h e h y ­
d r a t i o n e q u i l i b r i u m c o n s t a n t u s i n g n u c l e a r m a g n e t i c r e s o n a n c e t e c h n i q u e s 
x i i i 
PART TWO 
As t h e i n i t i a l s t e p i n t h e s t u d y of p o l y f u n c t i o n e d c a t a l y s i s o f 
remova l of p r o t o n s a l p h a t o c a r b o n y l g r o u p s , a k i n e t i c s t u d y was made 
o f t h e d e u t e r i u m exchange o f i s o b u t y r a l d e h y d e - 2 - d c a t a l y z e d by a v a r i e t y 
of t e r t i a r y amines and oxygen b a s e s . The k i n e t i c s were f o l l o w e d by t h e 
a n a l y s i s of t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m of t h e i s o b u t y r a l d e ­
hyde i n t h e r e a c t i o n m i x t u r e . 
A B r o n s t e d c a t a l y s i s e q u a t i o n c o r r e l a t i o n o f t h e b a s i c i t y of t h r e e 
u n h i n d e r e d p y r i d i n e s and s even p h e n o x i d e i o n s w i t h t h e i r s e c o n d - o r d e r 
r a t e c o n s t a n t s f o r d e u t e r i u m exchange i s s a t i s f a c t o r y w i t h B ' s of a p ­
p r o x i m a t e l y 0 . 5 . However, p y r i d i n e s w i t h 2 - and 6 - s u b s t i t u e n t s a r e l e s s 
r e a c t i v e t h a n p r e d i c t e d by t h e B r o n s t e d e q u a t i o n , by more t h a n 1 0 0 - f o l d 
i n t h e c a s e o f 2 , 6 - l u t i d i n e and 2 , 4 , 6 - c o l i i d i n e . T h i s i s t h e l a r g e s t 
r a t e - d e p r e s s i o n r e p o r t e d f o r r e a c t i o n s w i t h p r o t o n r emova l as t h e r a t e 
d e t e r m i n i n g s t e p . T h i s r e s u l t i n d i c a t e s t h a t t h e p r o t o n - r e m o v a l s t e p i s 
s t e r i c a l l y h i n d e r e d . 
F u r t h e r i n d i c a t i o n of s t e r i c h i n d r a n c e can be s e e n i n t h e r a t e 
c o n s t a n t s f o r exchange c a t a l y z e d by s a t u r a t e d a m i n e s . I f t h e v a l u e o f $ 
i s d e t e r m i n e d from a B r o n s t e d p l o t o f t h e two most r e a c t i v e u n h i n d e r e d 
a m i n e s — t r i e t h y l e n e d i a m i n e and t r i m e t h y l a m i n e — i t i s found t h a t t r i e t h y l a -
mine and t r i e t h a n o l a m i n e , f o r which t h e g r e a t e s t h i n d r a n c e would b e e x ­
p e c t e d , a r e l e s s r e a c t i v e t h a n a n t i c i p a t e d by 40--fold and 1 0 0 0 - f o l d , 
r e s p e c t i v e l y . The o t h e r t e r t i a r y amines s t u d i e d a r e l e s s a c t i v e t h a n 
t r i e t h y l e n e d i a m i n e and t r i m e t h y l a m i n e , c o n s i d e r a b l y more r e a c t i v e t h a n 
x i v 
t h e h i n d e r e d amines and seem t o f i t t h e B r o n s t e d c a t a l y s i s e q u a t i o n f o r 
t h e p h e n o x i d e s o r u n h i n d e r e d p y r i d i n e s r o u g h l y . The r e a c t i v i t y o f N-
m e t h y l i m i d a z o l e as a c a t a l y s t i s l e s s t h a n would be e x p e c t e d from an 
u n h i n d e r e d p y r i d i n e w i t h s i m i l a r b a s i c i t y . The f a c t i s a t t r i b u t e d t o 
t h e f a c t t h a t t h e m o l e c u l a r geomet ry of an i m i d a z o l e changes much more 
on p r o t o n a t i o n t h a n does t h a t o f a p y r i d i n e . 
The s t u d y of t r i m e t h y l a m i n e - N - o x i d e c a t a l y s i s of d e u t e r i u m e x ­
change o f i s o b u t y r a l d e h y d e - 2 - d i n d i c a t e s t h a t t h e amine o x i d e r e a c t i v i t y 
i s s m a l l enough t h a t t h e o x i d a t i o n o f s m a l l amounts of t h e t e r t i a r y 
amines u s e d i n t h i s s t u d y t o amine o x i d e s w i l l n o t s i g n i f i c a n t l y c o m p l i ­
c a t e d e t e r m i n a t i o n s o f c a t a l y t i c c o n s t a n t s f o r t h e t e r t i a r y a m i n e s . 
T r i m e t h y l a m i n e - N - o x i d e i s a b e t t e r c a t a l y s t t h a n a c e t a t e i o n , b u t o n l y 
s l i g h t l y b e t t e r t h a n an u n h i n d e r e d p y r i d i n e o f i t s b a s i c i t y would b e . 
From a B r o n s t e d p l o t of t h e p h e n o x i d e i o n s , t r i m e t h y l a m i n e - N - o x i d e a p ­
p e a r s t o have t h e r e a c t i v i t y e x p e c t e d of a p h e n o x i d e i o n of i t s b a s i c i t y . 
The b a s e - c a t a l y z e d d e a l d o l i z a t i o n of i s o b u t y r a l d o l was s t u d i e d t o 
l e a r n t h e r e l a t i v e r a t e s a t which t h e c a r b a n i o n added t o a l d e h y d e and 
was p r o t o n a t e d u n d e r v a r i o u s c o n d i t i o n s . Excep t w i t h c a t a l y s t s t h a t a r e 
r e l a t i v e l y s t r o n g l y b a s i c b u t r e l a t i v e l y u n r e a c t i v e , t h e i n t e r m e d i a t e 
c a r b a n i o n s formed s h o u l d be p r o t o n a t e d .so much f a s t e r t h a n t h e y add t o 
o t h e r a l d e h y d e m o l e c u l e s t h a t a l d o l i z a t i o n s h o u l d n o t be a b l e t o com­
p e t e w i t h d e u t e r i u m e x c h a n g e . 
Deu te r ium exchange c a t a l y z e d by a two-component c a t a l y s t was 
examined t o l e a r n w h e t h e r c a t a l y s i s v i a enamine f o r m a t i o n would be o b ­
s e r v e d . A c a t a l y s t composed of a N - m e t h y l m o r p h o l i n e - N - m e t h y l m o r p h o -
l i n i u m p e r c h l o r a t e b u f f e r and methylammonium c h l o r i d e was s t u d i e d . The 
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s m a l l amount of me thy lamine p r e s e n t forms an immonium i o n i n t e r m e d i a t e 
from which t h e N - m e t h y l m o r p h o l i n e removes t h e d e u t e r o n . The k i n e t i c s 
of t h e exchange i n d i c a t e a t e r m f i r s t o r d e r i n N - m e t h y l m o r p h o l i n e and 
f i r s t o r d e r i n methylammonium i o n . A l s o , of c o u r s e , t h e r e i s a t e r m 
f i r s t o r d e r i n N - m e t h y l m o r p h o l i n e f o r t h e d i r e c t r e m o v a l of d e u t e r i u m 





I n t h e c o u r s e of k i n e t i c s t u d i e s of i s o b u t y r a l d e h y d e u s i n g n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r o m e t r y , t h e p o s s i b i l i t y of s t u d y i n g t h e r a t e of 
a c i d - c a t a l y z e d h y d r a t i o n p r e s e n t e d i t s e l f . S u b s e q u e n t l y Gruen and McTigue 
( 1 ) r e p o r t e d t h e s t u d y o f t h e r a t e o f h y d r a t i o n u s i n g c a l o r i m e t r i c t e c h ­
n i q u e s a t 2 5 ° ; t h e y r e p o r t t h e c a t a l y t i c c o n s t a n t f o r t h e hydrogen i o n 
c a s e t o be 1200 l . - m . " 1 - s e c . - 1 , I t would be of i n t e r e s t t o compare t h e 
r e s u l t s o b t a i n e d by c a l o r i m e t r y w i t h n u c l e a r m a g n e t i c r e s o n a n c e t e c h ­
n i q u e s . 
From t h e work o f McConnell ( 2 ) concern ing ; t h e s t u d y of r e a c t i o n 
r a t e s by n u c l e a r m a g n e t i c r e s o n a n c e , a s e r i e s of e q u a t i o n s were o b t a i n e d , 
which when t r e a t e d p r o p e r l y would p e r m i t t h e s t u d y of t h e r a t e of a f a s t 
r e a c t i o n such as t h e h y d r a t i o n o f i s o b u t y r a l d e h y d e . These e q u a t i o n s a r e 
m o d i f i c a t i o n s o f t h e e q u a t i o n s p r e s e n t e d by Bloch (3 ) i n h i s e x p l a n a t i o n 
of t h e phenomena of n u c l e a r m a g n e t i c r e s o n a n c e . The e q u a t i o n s have been 
u s e d by s e v e r a l w o r k e r s i n s t u d i e s of c h e m i c a l exchange r e a c t i o n s ( 4 , 5 , 
1 . L . C . Gruen and P . T . McTigue, J . Chem. S o c , 1 9 6 3 , 5 2 2 4 . 
2 . H. M. McConne l l , J . Chem. Phys - , 2 8 , 430 ( 1 9 5 8 ) . 
3 . F . B l o c h , Phys . R e v . , 7 0 , 460 ( 1 9 4 6 ) . 
4 . H. S . Gutowsky, D. W. McCall and. C P . S l i c h t e r , J . Chem. 
Phys . , 2 1 , 279 ( 1 9 5 3 ) . 
5 . H. M. McConnell and S . B . B e r g e r , J . Chem. P h y s . , 2 7 , 230 
( 1 9 5 7 ) . 
2 
6., 7 , 8 ) . 
These e q u a t i o n s can be u s e d t o s t u d y a s i m p l e c h e m i c a l exchange 
s y s t e m where a r a p i d , r e v e r s i b l e m o l e c u l a r p r o c e s s t r a n s f e r s a hydrogen 
n u c l e u s , H, be tween two m o l e c u l a r e n v i r o n m e n t s . T h i s p r o c e s s i s , i n 
t h e c a s e t o be s t u d i e d , t h e r a p i d h y d r a t i o n - d e h y d r a t i o n o f i s o b u t y r a l d e ­
hyde . 
J ^ H H 
C H V C - c ' t H 2 0 t H3C-C-d-0H 
CH3H CH30H 
The f o l l o w i n g n o t a t i o n i s t h a t of Bloch and McCorinell : 
1 . 1/fg i s t h e f i r s t - o r d e r r a t e c o n s t a n t , k g , f o r t h e change of 
compound B t o compound A. l A ^ i s t h e f i r s t - o r d e r r a t e c o n s t a n t , k ^ , 
f o r t h e change of compound A t o compound B . 
2 . U i s t h e component of H n u c l e a r magne t i sm t h a t i s i n p h a s e 
w i t h t h e e f f e c t i v e r o t a t i n g component of t h e r f f i e l d . 
3 . V_ i s t h e component of H n u c l e a r magne t i sm t h a t i s o u t o f p h a s e 
w i t h t h e r o t a t i n g r f f i e l d . 
4 . d e n o t e s t h e component of H n u c l e a r magne t i sm i n t h e d i r e c ­
t i o n of t h e l a r g e r o t a t i n g f i e l d . 
6 . E . Grunwald , A.. L o e w e n s t e i n and S . Meiboom, J . Chem. P h y s . , 
27_, 630 ( 1 9 5 7 ) . 
7 . H. S . Gutowsky and A. S a i k a , J . Chem. P h y s . , 2 1 , 1688 ( 1 9 5 3 ) . 
8 . H. B . Charman, D. R. V i n a r d and M. M. K r e e v o y , J . Am. Chem. 
S o c . , 8 4 , 347 (1962) . 
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5 . u)A and o)g a r e t h e f r e q u e n c i e s a t which t h e s i g n a l s b e i n g 
d e s c r i b e d a r e a t a maximum i n t e n s i t y f o r compounds A and B , r e s p e c t i v e l y . 
6 . o)-̂  i s t h e f r e q u e n c y a t which t h e s i g n a l i s b e i n g d e s c r i b e d . 
These m a g n e t i z a t i o n s can be c o n s i d e r e d t o be t h e sum o f t h e c o n ­
t r i b u t i o n s o f t h e m o l e c u l e s i n t h e form A and t h e m o l e c u l e s i n form B 
( i n t h i s c a s e i s o b u t y r a l d e h y d e i s d e f i n e d a s form B and i t s h y d r a t e form 
A ) . 
5L = U A + U B 
v = v A + v B 
M-7 = + M? 
AcoA and Au)B a r e t h e d i f f e r e n c e s i n c y c l e s p e r s e c o n d s b e t w e e n t h e 
f r e q u e n c y a t which t h e s i g n a l i s b e i n g o b s e r v e d , (JO-J_, and t h e f r e q u e n c y 
of t h e s i g n a l maximum f o r compound A and compound B , r e s p e c t i v e l y . 
The m o d i f i e d Bloch e q u a t i o n as p r e s e n t e d by McConnell a r e : 
A A A x 2 A T 
- U B U B 
A B B T 2 B T B 
- V A V B A 
2A l B 
V B V A B 
^B " AtoBUB = — + ^ -
4 
The t e r m s x 2 A and x 2 B a r e d e f i n e d by t h e f o l l o w i n g r e l a t i o n s h i p be tween 
t h e t r a n s v e r s e r e l a x a t i o n t i m e s ( T 2 A ) of t h e n u c l e u s H i n s y s t e m A and 
t h e f i r s t - o r d e r l i f e t i m e o f H i n A. 
1 / T 2 A = 1 / T 2 A + 1 /T A 
The same r e l a t i o n s h i p s a p p l y f o r s y s t e m B . For e a s e o f h a n d l i n g t h e 
e q u a t i o n s t h e f o l l o w i n g n o t a t i o n w i l l be u s e d : 
C A = i / ^ A 
k A = 1 / T A 
The same n o t a t i o n w i l l a l s o a p p l y t o s y s t e m B. The e q u i l i b r i u m c o n s t a n t 
f o r t h e h y d r a t i o n of i s o b u t y r a l d e h y d e , K, i s e q u a l t o [ IBAOH 2 ] / [ IBA] 
where [IBAOH 2] i s t h e c o n c e n t r a t i o n o f i s o b u t y r a l d e h y d e h y d r a t e and 
[IBA] i s t h e c o n c e n t r a t i o n of i s o b u t y r a l d e h y d e . Charman, V i n a r d , and 
Kreevoy (8 ) u s e C f o r t h e e q u i l i b r i u m c o n s t a n t . 
Making t h e n o t a t i o n changes and a s suming s low p a s s a g e t h e e q u a ­
t i o n s 1-4 become. 
6 A V A = - U A C A + U B k B ( 1 ) 
6 B V B - " " B C B + U A k A ( 2 ) 
5 
" 6 A U A = " V A C A + VB*B " ^ A ( 3 ) 
" <5BUB = " V B C B + V A k A " ^ " W 
By a l g e b r a i c m a n i p u l a t i o n s e q u a t i o n s 1-4 w i l l g i v e t h e s i g n a l h e i g h t a t a 
g i v e n f r e q u e n c y , t h a t i s t o s ay V A + Vg o r V t h e t o t a l s i g n a l a t t h e f r e ­
quency o f t h e B s i g n a l maximum. 
By s o l v i n g f o r V A + Vg and s u b s t i t u t i n g i n t h e o r i g i n a l n o t a t i o n , 
t h e f o l l o w i n g s o l u t i o n can b e o b t a i n e d . 
- V - [ ( 1 / T 2 A + 1 / T B ) M | + ( 1 / T 2 A + 1 / T A ) M ^ ] C - L / T A T B - T 2 A T 2 B + Aa3AAa)g] 
u l ^ 1 / T A T B " 1 / T 2 A T 2 B + AcoAAojg]2 + [AGO B /T2A + A C O A / T 2 B ^ 2 
( 5 ) 
(M|AcoA + M z Aco B ) ( A O 3 A / T 2 B + A O 3 B / T 2 A ) 
[ 1 / T A T B - 1 / T 2 A T 2 B + Au)AAa) B] 2 + [ A W B / T 2 A + A U ) A / T 2 B ] 2 
The e q u a t i o n d i s a g r e e s w i t h e q u a t i o n 2 o f Charman, V i n a r d and Kreevoy i n 
s i g n ; a l s o t h e f i n a l t e rm i n t h e n u m e r a t o r of t h e i r e q u a t i o n a p p e a r s t o 
have a t y p o g r a p h i c e r r o r , 2A s h o u l d be T 2 A and 2B s h o u l d be T 2 B -
E q u a t i o n 5 becomes E q u a t i o n 3 o f Charman, V i n a r d and Kreevoy i f 
t h e f r e q u e n c y , OJ^, a t which t h e s i g n a l i s o b s e r v e d i s t h e s i g n a l maximum 
of form B of t h e a l d e h y d e . T h i s means t h a t 6 B i s z e r o . S i n c e t h e o n l y 
6 l e f t i s 6 A i t i s r e f e r r e d t o as 6 . The r a t e c o n s t a n t f o r t h e fo rward 
r e a c t i o n , 1 / T B , d i v i d e d by t h e r a t e c o n s t a n t f o r t h e r e v e r s e r e a c t i o n , 
A* B ' 1 / T A , i s e q u a l t o K.. M^A^z s h o u l d a l s o be e q u a l t o K s i n c e t h e s e t e r m s 
a r e p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n s of A and B. By making t h e s e s u b -
6 
s t i t u t i o n s and s u b s t i t u t i n g £° f o r 1/T and €° f o r 1/T an e q u a t i o n i s 
A 2A B 2B 
o b t a i n e d t h a t i s made up of e x p e r i m e n t a l l y o b t a i n a b l e p a r a m e t e r s . 
V B + y i + l / K ) ] + CC° + k B ( l + 1/K)]K} {Q} + ? 2 ( C ° + k B ) 
——. — , ( 6) 
Q = & l +- « A \ + «B kB + ^ B k B / K 
The symbols r e p r e s e n t t he ' f o l l o w i n g p h y s i c a l p a r a m e t e r s : 
a . £° a n d a r e t n e h a l f - w i d t h s a t h a l f - h e i g h t o f a s i g n a l peak 
Pi D 
i n a n o n e x c h a n g i n g s o l u t i o n i n s y s t e m A and B , r e s p e c t i v e l y . 
b . V° i s t h e peak h e i g h t o f t h e s i g n a l i n a n o n e x c h a n g i n g s o l u -
B 
t i o n a t t h e f r e q u e n c y where t h e B s y s t e m s i g n a l maximum a p p e a r s , i g n o r i n g 
t h e s m a l l amount o f s i g n a l due t o t h e A s y s t e m . 
c . M^co. i s -£nV° a t s low exchange assuming T >> T O T 3 . 
d . A l s o , t h e p r o d u c t o f t h e h a l f w i d t h o f a s i g n a l , and t h e 
h e i g h t , V, a p p r o x i m a t e t h e a r e a of t h e s i g n a l ( 9 ) . S i n c e t h e a r e a i s 
p r o p o r t i o n a l t o t h e c o n c e n t r a t i o n of t h e compound r e s p o n s i b l e f o r t h e 
s i g n a l and t h e c o n c e n t r a t i o n i s i n d e p e n d e n t of t h e hyd rogen i o n c o n c e n ­
t r a t i o n i n t h i s s t u d y , t h e p r o d u c t , £V s h o u l d be c o n s t a n t . 
To compensa t e f o r v a r i a t i o n s i n t h e i n s t r u m e n t an i n t e r n a l r e f e r ­
ence was a d d e d . A compound which would n o t be i n v o l v e d i n t h e e q u i l i b ­
r i u m , b u t which had an a b s o r p t i o n peak n e a r t h e peak b e i n g s t u d i e d i s 
9 . E . Cremer and R. M u l l e r , Mikrochim. A c t a , 3 6 / 3 7 , 553 ( 1 9 5 1 ) . 
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d e s i r a b l e . T h e r e f o r e t_ -bu ty l a l c o h o l was u s e d , i t s n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r u m i s a s h a r p s i n g l e t a t 8.75x i n w a t e r . 
I f £°V° i s s u b s t i t u t e d f o r M|?(D_ i n E q u a t i o n 6 and t h e l e f t - h a n d 
D D Z 1 
s i d e i s m u l t i p l i e d and d i v i d e d by t h e , h e i g h t of t h e r e f e r e n c e p e a k , V^, 
t h e r e s u l t i n g e x p r e s s i o n , E q u a t i o n 7 , g i v e s t h e f i r s t - o r d e r r a t e c o n s t a n t 
f o r h y d r a t i o n - d e h y d r a t i o n i n t e r m s of q u a n t i t i e s t h a t a r e i n d e p e n d e n t o f 
t h e r a t e o f h y d r a t i o n - d e h y d r a t i o n and t h e . 
— D 
V V R { C 5 A + k B ( 1 + 1 / K ) : i + C ^B + k B ( l + l / K ) ] K K Q } + « 2 ( 5 ° + k g ) 
? ° V ° / V R " ( Q ) 2 + 6 2 ( C ° + k B ) 2 
As a s i d e l i g h t t h e d e g r e e of h y d r a t i o n o f i s o b u t y r a l d e h y d e was 
d e t e r m i n e d s i n c e t h e v a l u e was n e e d e d f o r t h e r a t e s t u d y . Lombardi and 
Sogo ( 1 0 ) examined t h e s p e c t r a o f a c e t a l d e h y d e and i s o b u t y r a l d e h y d e i n 
w a t e r b u t d i d n o t g i v e t h e v a l u e s o f t h e h y d r a t i o n e q u i l i b r i u m c o n s t a n t s . 
N u c l e a r m a g n e t i c r e s o n a n c e t e c h n i q u e s p e r m i t t h e d i r e c t measurement of 
t h e v a l u e s n e e d e d t o c a l c u l a t e t h e e q u i l i b r i u m c o n s t a n t . 
S e v e r a l w o r k e r s have u s e d u l t r a v i o l e t t e c h n i q u e s t o d e t e r m i n e t h e 
d e g r e e o f h y d r a t i o n o f c a r b o n y l compounds. However, t o u s e t h i s t e c h ­
n i q u e i t i s n e c e s s a r y t o have a v a l u e f o r t h e e x t i n c t i o n c o e f f i c i e n t o f 
t h e a l d e h y d e i n w a t e r . V a r i o u s t e c h n i q u e s have b e e n employed t o a p p r o x i ­
mate t h e v a l u e . 
1 0 . E . Lombardi and P . B . Sogo , J . Chem. P h y s . , 3 2 , 635 ( 1 9 6 0 ) . 
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Rumpf and Bloch ( 1 1 ) have assumed t h e e x t i n c t i o n c o e f f i c i e n t of 
an a l d e h y d e i n w a t e r i s e q u a l t o t h e p r o d u c t o f t h e e x t i n c t i o n c o e f f i ­
c i e n t of a r e f e r e n c e k e t o n e i n w a t e r and t h e e x t i n c t i o n c o e f f i c i e n t of 
t h e a l d e h y d e i n d i o x a n e , an i n e r t s o l v e n t , d i v i d e d by t h e e x t i n c t i o n c o ­
e f f i c i e n t o f t h e k e t o n e i n d i o x a n e . Us ing 3 -me1:hy l -2 -bu tanone as t h e 
r e f e r e n c e k e t o n e , Rumpf and Bloch found a v a l u e o f 0 .719 f o r t h e e q u i l i b ­
r i u m c o n s t a n t , K. The t e m p e r a t u r e was n o t r e p o r t e d b u t o t h e r work from 
t h e same l a b o r a t o r y was r e p o r t e d a t 2 0 ° . 
Gruen and McTigue ( 1 ) have r e p o r t e d v a l u e s f o r t h e e q u i l i b r i u m 
c o n s t a n t o b t a i n e d from u l t r a v i o l e t measurements i n which t h e e x t i n c t i o n 
c o e f f i c i e n t of t h e i s o b u t y r a l d e h y d e was d e t e r m i n e d by u s i n g a v a l u e t h a t 
would g i v e t h e b e s t p l o t of l o g K v e r s u s 1 /T . They r e p o r t e d a v a l u e of 
0 . 44 f o r t h e e q u i l i b r i u m c o n s t a n t a t 2 5 ° . They a l s o r e p o r t e d a v a l u e o f 
7 . 3 k c a l / m o l e f o r t h e e n t h a l p y o f h y d r a t i o n . 
He ro ld (12 ) s t u d i e d t h e h y d r a t i o n e q u i l i b r i u m i n w a t e r u s i n g t h e 
e x t i n c t i o n c o e f f i c i e n t of i s o b u t y r a l d e h y d e i n an i n e r t s o l v e n t a s . t h e 
a c t u a l c o e f f i c i e n t i n w a t e r . The t e m p e r a t u r e was n o t r e p o r t e d , b u t 
o t h e r w o r k e r s i n t h e same l a b o r a t o r y s t u d i e d c a r b o n y l h y d r a t i o n e q u i l i b ­
r i um a t 1 8 ° . He r e p o r t e d a v a l u e o f 0 .92 f o r t h e e q u i l i b r i u m c o n s t a n t . 
1 1 . P . Rumpf and C. B l o c h , Compt . r e n d . , 2 3 3 , 1364 ( 1 9 5 1 ) . 
1 2 . W. H e r o l d , Z . Ph 'y s ik . Chem.., 18B, 265 (19 3 2 ) . 
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CHAPTER I I 
EXPERIMENTAL 
The m a t e r i a l s and equ ipmen t u s e d f o r t h e e x p e r i m e n t s i n t h i s s t u d y 
a r e a l l d e s c r i b e d i n P a r t I I o f t h i s t h e s i s . The a c i d s o l u t i o n s ( p e r ­
c h l o r i c a c i d i n a l l c a s e s ) were s t a n d a r d i z e d by n o r m a l t e c h n i q u e s . 
N u c l e a r Magne t i c Resonance S p e c t r a o f I s o b u t y r a l d e h y d e 
The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m was examined n e a t and i n 
w a t e r . The s p e c t r u m of t h e n e a t s a m p l e , F i g u r e 1 , c o n s i s t e d of t h r e e 
s i g n a l s , a d o u b l e t a t 8 . 9 3 T ( J = 6 .9 c . p . s . ) due t o t h e s i x m e t h y l h y ­
d r o g e n s s p l i t by t h e a l p h a h y d r o g e n , a m u l t i p l e t (7 s p l i t p e a k s ) a t 7 . 6 7 T 
( 7 . 0 c . p . s . ) a s s i g n e d t o t h e a l p h a h y d r o g e n , and a d o u b l e t a t 0 . 5 8 T ( J = 
1 .1 c . p . s . ) a t t r i b u t e d t o t h e a l d e h y d e h y d r o g e n . T e t r a m e t h y l s i l a n e was 
u s e d as an i n t e r n a l r e f e r e n c e . Ranf t ( 13 ) r e p o r t s v a l u e s of 8 . 9 4 T ( J = 
7 .0 c . p . s . ) f o r t h e m e t h y l d o u b l e t , 7 . 6 1 T f o r t h e m u l t i p l e t and 0 . 4 3 T 
( J = 1 .1 c . p . s . ) f o r t h e a l d e h y d e d o u b l e t . These v a l u e s a r e i n s a t i s ­
f a c t o r y ag reemen t w i t h t h e v a l u e s found h e r e . 
I n w a t e r o r heavy w a t e r t h e s p e c t r u m , F i g u r e 2 , was c o m p l i c a t e d 
f u r t h e r by t h e h y d r a t e p e a k s . The f r e e a l d e h y d e p e a k s were a d o u b l e t a t 
8 . 9 1 T ( J = 6 .9 c . p . s . ) , a m u l t i p l e t a t 7 . 4 4 T ( J :- 7 c . p . s . ) , and a doub­
l e t a t 0 . 4 3 T ( J = 1.5 c . p . s . ) . The p e a k s a r e a s s i g n e d t o t h e s i x m e t h y l 
h y d r o g e n s , t h e a l p h a hydrogen and t h e a l d e h y d e h y d r o g e n , r e s p e c t i v e l y . 
1 3 . J . R a n f t , Ann. P h y s i k . , lp_, 1 ( 1 9 6 2 ) . 
[ : i! 
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The h y d r a t e s p e c t r u m c o n s i s t e d of a d o u b l e t a t 9 . 0 7 T ( J = 6 . 8 c . p . s . ) 
a s s i g n e d t o t h e s i x m e t h y l h y d r o g e n s , a m u l t i p l e t (7 s p l i t p e a k s ) a t 
8 . 3 2 T ( J - 7 c . p . s . ) a s s i g n e d t o t h e a l p h a hydrogen and a d o u b l e t w i t h 
one peak a t 5 . 2 1 T , SO c l o s e t o t h e w a t e r peak t h a t t h e o t h e r peak was 
b e l i e v e d t o be i n t h e w a t e r p e a k , a s s i g n e d t o t h e d i h y d r o x y m e t h y l h y d r o ­
g e n . The i n t e r n a l r e f e r e n c e i n t h i s c a s e was sodium 3 - ( t r i m e t h y l s i l y l ) -
1 - p r o p a n e s u l f o n a t e . In a l l c a s e s t h e v a l u e o f t h e c o u p l i n g c o n s t a n t , J , 
was d e t e r m i n e d a t 50 c . p . s . sweep w i d t h by m e a s u r i n g the - d i s t a n c e i n c . 
p . s . be tween t h e p e a k s i n a g r o u p . 
A t t e m p t s t o De te rmine t h e Ra te o f H y d r a t i o n of I s o b u t y r a l d e h y d e 
Two a t t e m p t s were made t o d e t e r m i n e t h e r a t e o f h y d r a t i o n by 
d i r e c t o b s e r v a t i o n o f - a change i n a p h y s i c a l p r o p e r t y of t h e a l d e h y d e . 
The f i r s t a t t e m p t was t h e o b s e r v a t i o n of t h e change i n n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r u m w i t h t i m e . Smal l q u a n t i t i e s o f p u r e i s o b u t y r a l d e h y d e 
were i n j e c t e d i n t o n u c l e a r m a g n e t i c r e s o n a n c e sample t u b e s c o n t a i n i n g 
w a t e r . The r a t e of h y d r a t i o n was t o o r a p i d t o o b s e r v e s i n c e i t was 
n e c e s s a r y t o shake t h e s m a l l n . m . r . sample t u b e s e v e r a l t i m e s t o i n s u r e 
good m i x i n g . 
The second a t t e m p t was more s u c c e s s f u l . Using t h e peak i n t h e 
u l t r a v i o l e t a t 285 my sample s of i s o b u t y r a l d e h y d e i n w a t e r were s t u d i e d . 
At 2 6 ° , 0 . 0 1 m l . o f i s o b u t y r a l d e h y d e was i n j e c t e d i n t o , 2 m l . o f d i s t i l l e d 
w a t e r . The h a l f - t i m e o f t h e r e a c t i o n was d e t e r m i n e d by e x t r a p o l a t i n g t h e 
change i n a b s o r b a n c e a t 285 my back t o z e r o t i m e . The h a l f - t i m e was 12 
s e c o n d s . A t t e m p t s were a l s o made t o examine t h e h a l f - t i m e a t 7 . 8 ° , b u t 
t h e t e m p e r a t u r e o f t h e r e a c t i n g s o l u t i o n r o s e t o o r a p i d l y f o r r e l i a b l e 
m e a s u r e m e n t s . 
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N u c l e a r Magne t i c R e s o n a n c e , D e t e r m i n a t i o n o f 
F i r s t - O r d e r Ra te C o n s t a n t f o r H y d r a t i o n 
The s t u d y o f t h e r a t e o f t h e hydrogen i o n c a t a l y z e d h y d r a t i o n of 
i s o b u t y r a l d e h y d e was made u s i n g t h e e q u a t i o n s d e s c r i b e d i n t h e i n t r o d u c ­
t i o n . The e x p e r i m e n t a l t e c h n i q u e c o n s i s t e d o f i n j e c t i n g 0 .50 m l . s amples 
o f 3 p e r c e n t aqueous i s o b u t y r a l d e h y d e s o l u t i o n i n t o 0 .25 m l . s a m p l e s of 
p e r c h l o r i c a c i d i n an n . m . r . sample t u b e f i l l e d w i t h n i t r o g e n . The v a r ­
i o u s c o n c e n t r a t i o n s of p e r c h l o r i c a c i d were p r e p a r e d from a s t a n d a r d i z e d 
s t o c k s o l u t i o n of 1.707 M p e r c h l o r i c a c i d by d i l u t i n g w i t h d i s t i l l e d 
w a t e r . The 3 p e r c e n t aqueous i s o b u t y r a l d e h y d e s o l u t i o n s were p r e p a r e d 
by s y r i n g i n g 0 .32 m l . of i s o b u t y r a l d e h y d e i n 10 m l . of d i s t i l l e d w a t e r 
u n d e r n i t r o g e n . I n t o t h i s s o l u t i o n 0 .02 m l . of t - b u t y l a l c o h o l was added 
a s an i n t e r n a l r e f e r e n c e . The d e t e r m i n a t i o n of t h e i s o b u t y r i c a c i d c o n ­
c e n t r a t i o n was made by s a m p l i n g t h e s t o c k 3 p e r c e n t s o l u t i o n and t i t r a ­
t i n g w i t h sodium h y d r o x i d e u s i n g bromothymol b l u e a s an i n d i c a t o r . The 
c o n c e n t r a t i o n i s i n d i c a t e d w i t h each s e t of da ta , , 
E x p e r i m e n t a l l y , i t was n o t p o s s i b l e t o r e d u c e t h e c o n c e n t r a t i o n o f 
a c i d i n t h e r e a c t i o n s o l u t i o n s t o such a l e v e l t h a t t h e h y d r a t i o n - d e h y ­
d r a t i o n r a t e was n e g l i g i b l e . In a l l c a s e s , t h e i s o b u t y r a l d e h y d e s o l u t i o n 
c o n t a i n e d s m a l l amounts of i s o b u t y r i c a c i d . 
To a p p r o x i m a t e t h e p a r a m e t e r s i n E q u a t i o n 7 u n d e r nonexchange c o n ­
d i t i o n s , t h e f o l l o w i n g t e c h n i q u e was u s e d : 
F i r s t , t h e w a t e r - c a t a l y z e d t e r m was assumed t o be no l a r g e r t h a n 
t e n t i m e s t h e u n c a t a l y z e d f i r s t - o r d e r r a t e o f h y d r a t i o n a t 25° ( 0 . 0 5 7 
s e c . . For a lower l i m i t t h e v a l u e o f k ^ , 0 .005 was u s e d . T h i s 
D 
v a l u e i s l o w e r t h a n t h e v a l u e o f 0 . 007 found f o r t h e u n c a t a l y z e d 
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t e r m in t h e h y d r a t i o n o f a c e t a l d e h y d e a t 25° . 
• o / o 1 1 
Second , t h e r a t i o of £ / £ was assumed t o be e q u a l t o £ A / £ B » a 
A B 
s u p e r s c r i p t 1 w i l l be u s e d t o i n d i c a t e p a r a m e t e r s t h a t have been measured 
u n d e r t h e l o w e s t a c c e s s i b l e a c i d c o n c e n t r a t i o n s , T h i s a s s u m p t i o n was 
checked a t v a r i o u s low a c i d c o n c e n t r a t i o n s and found t o h o l d r e a s o n a b l y 
w e l l . T h i s a s s u m p t i o n i s needed t o d e t e r m i n e a v a l u e f o r ^ i n t e r m s of 
o 
and p a r a m e t e r s o b t a i n e d a t t h e l o w e s t a c c e s s i b l e a c i d c o n c e n t r a t i o n . 
Any e r r o r i n t r o d u c e d by t h i s a s s u m p t i o n s h o u l d be g r e a t l y min imized by 
t h e f a c t t h a t t h e v a l u e of t h e t e r m i n which CA a P P e a r s w i l 1 b e a l m o s t 
n e g l i g i b l e u n d e r any c i r c u m s t a n c e . 
o o i l 
T h i r d , £^ was r e p l a c e d by ^gC^/Cg i n E q u a t i o n 7 . Then s u b s t i t u t e 
e x p e r i m e n t a l v a l u e s of t h e h y d r a t i o n e q u i l i b r i u m c o n s t a n t ( 0 . 4 2 3 ) ; t h e 
v a l u e o f 6 f o r t h e p a r t i c u l a r e x p e r i m e n t ; and t h e v a l u e s f o r and V 1 
B B 
a t t h e l o w e s t a c c e s s i b l e a c i d c o n c e n t r a t i o n i n t o E q u a t i o n 7 . These s u b ­
s t i t u t i o n s g i v e an e q u a t i o n i n two unknowns, £g and k g . However, kg h a s 
l i m i t s , 0 < k D < 0 . 5 0 . 
a 
For v a l u e s of 0 . 0 0 5 , 0 . 0 5 , 0 . 1 , 0 .2 and 0 . 5 f o r kg i n t h e e q u a ­
t i o n , v a l u e s of £g and V°(Z$VB = S^VR) were o b t a i n e d . Us ing t h e s e v a l u e s 
of £° and V° i n E q u a t i o n 7 , v a l u e s o f k were o b t a i n e d a t v a r i o u s a c i d B B B 
c o n c e n t r a t i o n s . In a l l c a s e s t h e s e c o n d - o r d e r r a t e o f a c i d - c a t a l y z e d 
h y d r a t i o n was t h e same . I t would seem t h a t any v a l u e o f kg be tween 0 .005 
o o 
and 0 . 5 can be u s e d t o d e t e r m i n e a s e t of £g and Vg values w i t h o u t c h a n g ­
i n g t h e v a l u e o b t a i n e d f o r t h e s e c o n d - o r d e r r a t e c o n s t a n t . 
I n a l l c a s e s s t u d i e d t h e i s o b u t y r a l d e h y d e c o n c e n t r a t i o n was 2 p e r 
c e n t . The hydrogen i o n c o n c e n t r a t i o n was c o r r e c t e d i n a l l c a s e s f o r t h e 
i s o b u t y r i c a c i d i n t h e a l d e h y d e s o l u t i o n s . T a b l e s 1 , 2 , and 3 c o n t a i n 
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t h e e x p e r i m e n t a l l y o b s e r v e d v a l u e s f o r t h e peak h e i g h t s of t h e f i r s t a l ­
dehyde p e a k , B , a t 68 c . p . s . and t h e r e f e r e n c e compound peak a t 75 c . p . s . 
A l so l i s t e d a r e t h e v a l u e of t h e h a l f - w i d t h a t t h e h a l f - h e i g h t of t h e 
a l d e h y d e p e a k , when no a c i d h a s been added . The r e s u l t s of t h i s s t u d y 
a r e r e c o r d e d i n T a b l e 5 . 
T a b l e 1 . N u c l e a r Magne t i c Resonance Da ta 
f o r Acid C a t a l y z e d H y d r a t i o n 
Sjjj = 0 .40 Vg- = 1 8 . 0 5 £° = 0 .32 V° = 22 .55 
€^ = 0 . 6 3 v r e f . = 1 3 . 0 5 = 0 .50 v r e f . = 1 3 . 0 5 
6 = 1 2 . 0 0 
Acid C o n c e n t r a t i o n V B ^ r e f 
x 1 0 4 cm. cm. 
9 . 3 3 1 5 . 7 0 12 .00 
1 7 . 1 7 1 4 . 3 5 12 .00 
2 5 . 8 0 1 3 . 7 0 14 .20 
2 8 . 5 0 1 2 . 5 5 1 3 . 5 0 
34 .40 1 1 . 8 0 1 4 . 0 0 
4 5 . 8 0 10 .20 13 .40 
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Tab le 2 . N u c l e a r Magne t i c Resonance Da ta 
f o r A c i d - C a t a l y z e d H y d r a t i o n 
C 1 = 0 .35 VB = 2 1 . 2 0 £° = 0 . 2 7 V° = 2 7 . 4 8 
B 
5 1 = ° ' 5 5 V r e f < = 1^.20 £° = 0 .42 V r e f = 14 .20 
6 = 1 2 . 0 0 
Acid C o n c e n t r a t i o n V B V r e f , 
x 10^ cm. - cm. 
4 .74 
9 .33 
1 7 . 1 7 
25 .80 
2 8 . 5 0 
34 .40 
4 5 . 8 0 
51 .20 
5 7 . 3 0 
20 .35 
1 9 . 8 0 
1 7 . 0 0 
16 .50 
1 4 . 9 0 
14 .45 
1 3 . 0 2 
1 2 . 0 0 
12 .30 
1 5 . 8 1 
1 4 . 8 5 
13 .80 







T a b l e 3 . N u c l e a r M a g n e t i c Resonance Da ta 
f o r A c i d - C a t a l y z e d H y d r a t i o n 
S A = ° ' 5 5 V B = 2 0 . 8 0 £ = 0 . 4 4 V° = 2 6 . 0 0 
.1 
»A g - i w . u w t,^ = .̂1+1+ V g 
C B = V r e f . = H . 6 0 ^ = 0 .32 = 11 .60 
6 = 1 1 . 6 0 
Acid C o n c e n t r a t i o n V B V r e f 
x 1 0 4 cm. cm. 
2 8 . 6 13 .6 1 1 . 1 
3 4 . 3 1 4 . 3 12 o 3 
4 5 . 8 1 0 . 8 1 1 . 0 
5 1 . 5 1 0 , 2 1 1 . 0 
5 2 . 2 1 0 . 2 1 1 . 5 
E q u i l i b r i u m C o n s t a n t f o r I s o b u t y r a l d e h y d e -
I s o b u t y r a l d e h y d e H y d r a t e i n Water 
The e q u i l i b r i u m c o n s t a n t f o r the : h y d r a t i o n of i s o b u t y r a l d e h y d e was 
d e t e r m i n e d i n two ways from t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a of an 
aqueous s o l u t i o n o f i s o b u t y r a l d e h y d e . The o n l y e x p e r i m e n t a l work needed 
was p r e p a r i n g a 5 p e r c e n t i s o b u t y r a l d e h y d e s o l u t i o n i n d i s t i l l e d w a t e r 
and e x a m i n i n g i t s s p e c t r u m . 
As h a s been p r e v i o u s l y m e n t i o n e d t h e p e a k s due t o t h e s i x m e t h y l 
h y d r o g e n s o f t h e h y d r a t e a p p e a r 11 c .p . s . u p f i e l d from t h e s i g n a l f o r 
t h e same p r o t o n s of t h e f r e e i s o b u t y r a l d e h y d e . The r e l a t i v e magn i tude 
o f t h e s i g n a l s can be d e t e r m i n e d by i n t e g r a t i n g t h e f o u r p e a k s i n v o l v e d 
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o r d e t e r m i n i n g t h e a r e a of t h e s i g n a l . The t e m p e r a t u r e of t h e n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r o m e t e r p r o b e was d e t e r m i n e d w i t h t h e s p e c i a l 
t h e r m o m e t e r d e s c r i b e d i n P a r t I I . The a r e a u n d e r t h e c u r v e was d e t e r ­
mined by m e a s u r i n g t h e peak h e i g h t and t h e w i d t h o f t h e peak a t h a l f -
h e i g h t ( 9 ) . S i n c e t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t e r i s 
e q u i p p e d w i t h a v a r i a b l e - t e m p e r a t u r e p r o b e t h e e q u i l i b r i u m c o n s t a n t was 
o b t a i n e d a t b o t h 25° and 3 5 ° , t h e two t e m p e r a t u r e s u s e d i n t h i s w o r k . 
The t e m p e r a t u r e o f t h e p r o b e was c a l i b r a t e d a t 25° w i t h e t h y l e n e g l y c o l 
a s d e s c r i b e d by t h e V a r i a n Company. The s p e c t r u m i s i n t e g r a t e d a t each 
t e m p e r a t u r e e v e r y few m i n u t e s f o r 30 m i n u t e s t o i n s u r e t h a t t h e sample 
h a s r e a c h e d e q u i l i b r i u m . T a b l e 4 c o n t a i n s t h e e x p e r i m e n t a l d a t a o b ­
t a i n e d . 
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T a b l e 4 . E q u i l i b r i u m C o n s t a n t f o r t h e H y d r a t i o n 
of I s o b u t y r a l d e h y d e i n Aqueous S o l u t i o n 
Time ( M i n u t e s ) I s ob u t y r a l dehy de a 
I s o b u t y r a l d e h y d e 
H y d r a t e b 
25° 
15 25 ,00 15 .00 
15 2 4 , 0 0 14 .30 
3G 24 ,50 1 5 , 2 5 
30 2 4 , 7 5 1 5 . 2 5 
45 2 4 , 5 0 14 .75 
45 2 4 , 0 0 1 4 . 5 0 
60 24 ,75 1 4 . 7 5 
60 2 4 , 7 5 1 4 . 7 5 
35° 
15 2 6 . 0 0 11 .00 
15 26 .00 11 ,00 
30 26 .00 11 .00 
30 26 .00 1 1 . 0 0 
a Area of t h e d o u b l e t due t o t h e m e t h y l g r o u p s of i s o b u t y r a l d e ­
hyde . 
k Area of t h e d o u b l e t due t o t h e m e t h y l g roups of i s o b u t y r a l d e ­
hyde h y d r a t e . 
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I . .. 
CHAPTER I I I 
i ' RESULTS AND DISCUSSION 
To o b t a i n v a l u e s i n c o n v e n t i o n a l u n i t s f o r t h e f i r s t - o r d e r r a t e 
c o n s t a n t f o r t h e h y d r a t i o n o f i s o b u t y r a l d e h y d e from t h e v a l u e s of k_. 
c a l c u l a t e d from E q u a t i o n 7 , i t i s n e c e s s a r y t o m u l t i p l y t h e v a l u e of k 
by 2TT. T h i s becomes n e c e s s a r y b e c a u s e t h e t e r m , £ , i s o b t a i n e d from t h e 
w i d t h of t h e n u c l e a r m a g n e t i c r e s o n a n c e s i g n a l . T h i s measurement i s 
u s u a l l y made i n c y c l e s p e r s e c o n d s i n n u c l e a r m a g n e t i c r e s o n a n c e s p e c ­
t r o m e t r y . The f a c t o r of 2TT i s needed t o c o n v e r t c y c l e s t o r a d i a n s which 
a r e u n i t l e s s . When k i s m u l t i p l i e d by 2TT, t h e r e s u l t i n g r a t e c o n s t a n t 
D 
h a s t h e more c o n v e n t i o n a l u n i t s of s e c o n d s 
The r a t e o f a c i d - c a t a l y z e d h y d r a t i o n of i s o b u t y r a l d e h y d e h a s been 
measured by n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t r y u s i n g a l i n e - b r o a d e n ­
i n g t e c h n i q u e . The t e c h n i q u e i s d e s c r i b e d i n t h e I n t r o d u c t i o n . The 
i n d i v i d u a l v a l u e s o b t a i n e d f o r t h e s e c o n d o r d e r r a t e c o n s t a n t f o r a c i d -
c a t a l y z e d h y d r a t i o n a r e i n T a b l e 5 . The a v e r a g e s e c o n d - o r d e r r a t e c o n ­
s t a n t i s 442 l . - m . - s e c . 1 . The v a l u e i s l a r g e r t h a n t h e v a l u e , 370 
1 . r m . - s e c . \ r e p o r t e d by Gruen and McTigue ( 1 ) a t 25° u s i n g a c a l o r i -
m e t r i c t e c h n i q u e . They a l s o r e p o r t e d t h e v a l u e of t h e s e c o n d - o r d e r r a t e 
c o n s t a n t f o r t h e a c i d - c a t a l y z e d h y d r a t i o n of a c e t a l d e h y d e a t 25° t o be 
800 l . - m . - s e c . 1 which i s i n r e a s o n a b l e a g r e e m e n t w i t h t h e v a l u e s 
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T a b l e 5 . Second O r d e r - R a t e C o n s t a n t s f o r A c i d - C a t a l y z e d 
H y d r a t i o n o f I s o b u t y r a l d e h y d e 
Ex-94 k . k„ [ H + ] s e c . 1 k U j_ . : o b s . H+ H+, - 1 - 1 1 . - m . - s e c „ 
2 .86 0 .269 1.20 415 
3 . 4 3 0 .306 1.42 414 
4 . 5 8 0 . 4 2 1 2 . 1 4 469 
5 .15 0 .466 2 . 4 2 470 
5 .72 0 .502 2 . 6 5 463 
Ex-98 -40 
0 . 9 3 0 . 1 0 1 0 . 1 3 1 8 . 8 
1.72 0 .140 0 . 3 8 31 .4 
2 . 5 8 0 .254 1.09 423 
2 .85 0 .275 1.22 430 
3 .44 0 . 3 3 8 1.62 471 
4 . 5 8 0 . 4 1 1 2 . 0 8 443 
Ex -98 -50 
0 . 4 7 0 .142 0 . 3 9 823 
0 . 9 3 0 .127 0 .30 314 
1.72 0 . 1 6 1 0 . 5 1 295 
2 . 5 8 0 .269 1.19 460 
2 .85 0 . 2 9 3 1.34 469 
3 .44 0 . 3 1 4 1.47 427 
4 . 5 8 0 . 3 8 3 1.90 416 
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T a b l e 5 . Second O r d e r - R a t e C o n s t a n t s f o r A c i d - C a t a l y z e d 
H y d r a t i o n o f I s o b u t y r a l d e h y d e ( C o n t i n u e d ) 
1 . - m . - s e c . 
5 .12 0 .426 2 . 1 7 425 
5 .73 0 .448 2 . 3 1 422 Avg 7 0 . 3 
+ 4 . 4 
I n d e t e r m i n i n g t h e a v e r a g e v a l u e o f k , t h e v a l u e s o b t a i n e d 
f o r a c i d c o n c e n t r a t i o n s be low 0 .002 M were i g n o r e d b e c a u s e o f t h e l a r g e 
d e v i a t i o n and t h e u n c e r t a i n t y i n t h e a c i d c o n c e n t r a t i o n s . 
r e p o r t e d by B e l l and c o - w o r k e r s ( 1 4 , 15) a t 0° and 25° u s i n g t h e same 
t e c h n i q u e . 
From t h e v a l u e s o b t a i n e d by B e l l and c o - w o r k e r s a t 25° and 0 ° , 
t h e a c t i v a t i o n e n e r g y f o r t h e a c i d - c a t a l y z e d h y d r a t i o n i s 1 7 . 6 k c a l / m o l e o 
From t h i s v a l u e o f t h e a c t i v a t i o n e n e r g y t h e s e c o n d - o r d e r r a t e c o n s t a n t 
f o r a c i d - c a t a l y z e d h y d r a t i o n o f a c e t a l d e h y d e i s 1400 l . - m . - s e c . " ' " a t 3 5 ° . 
T a f t ' s E g f o r t h e i s o p r o p y l g roup ( 0 . 4 7 ) i n d i c a t e d t h a t n u c l e o p h i l i c 
a t t a c k on t h e i s o b u t r a t e e s t e r t e n d s t o o c c u r o n l y o n e - t h i r d as o f t e n 
a s on t h e c o r r e s p o n d i n g a c e t a t e e s t e r . Us ing B e l l ' s d a t a f o r a c e t a l d e ­
h y d e , one migh t j u s t i f y a v a l u e of 740 l . - m . - s e c . " ' " f o r t h e s e c o n d - o r d e r 
1 4 . R. P . B e l l and J . C. C l u n i e , P r o c . Roy. S o c . ( L o n d o n ) , 212A, 
33 (1952) . 
1 5 . R, P . B e l l , M. H. Rand , and K. M. A. W y n n e - J o n e s , T r a n s . 
F a r a d a y S o c . , 5 2 , 1093 ( 1 9 5 6 ) . 
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r a t e c o n s t a n t f o r a c i d - c a t a l y z e d h y d r a t i o n of i s o b u t y r a l d e h y d e . 
The h y d r a t i o n e q u i l i b r i u m c o n s t a n t , K, has been d e t e r m i n e d i n 
t h i s work t o be 0 .604 a t 25° and 0 . 4 2 3 a t 3 5 ° . From t h e s e v a l u e s t h e 
e n t h a l p y of h y d r a t i o n i s - 6 . 5 k c a l / m o l e . Gruen and McTigue r e p o r t e d 
v a l u e s f o r t h e e q u i l i b r i u m c o n s t a n t t h a t were some 40 p e r c e n t l o w e r 
t h a n t h o s e o b t r a i n e d i n t h i s work ; howeve r , t h e i r v a l u e o f - 7 . 3 k c a l / 
mole f o r t h e e n t h a l p y o f h y d r a t i o n i s w i t h i n e x p e r i m e n t a l e r r o r of t h e 
v a l u e o b t a i n e d i n t h i s work . The n u c l e a r m a g n e t i c r e s o n a n c e t e c h n i q u e 
a l l o w s t h e d i r e c t measurement o f t h e h y d r a t e and a l d e h y d e . T h i s e l i m i ­




T h i s work g i v e s a t w o - f o l d i n d i c a t i o n of t h e u s e f u l n e s s o f n u c l e a r 
m a g n e t i c r e s o n a n c e t e c h n i q u e s i n k i n e t i c s and e q u i l i b r i u m s t u d i e s . The 
t e c h n i q u e p r o v i d e d a method f o r s t u d y i n g r e a c t i o n s which a r e q u i t e f a s t . 
The e q u a t i o n s d e v e l o p e d by McConnell and used by Charman, V i n a r d and 
Kreevoy y i e l d f i r s t - o r d e r r a t e c o n s t a n t s f o r t h e h y d r a t i o n o f i s o b u t y r ­
a l d e h y d e t h a t a g r e e w i t h v a l u e s o b t a i n e d by c a l o r i m e t r i c t e c h n i q u e s . 
The h y d r a t i o n e q u i l i b r i u m c o n s t a n t can be d e t e r m i n e d from n u c l e a r mag­
n e t i c r e s o n a n c e d a t a q u i t e e a s i l y whe reas o r d i n a r y t e c h n i q u e s a r e v e r y 
d i f f i c u l t t o a p p l y . 
23 
1 • • • • I ' 1 • • • • • • i • • • • i 1' I ••• ,' • • • • i • - • 1 • 1 1 1 1 • • 1 1 1 1 1 0 - .- J« H I ... I ... 0 - .1 ... ... ... - I r - fi [ - -2 r .1 i _[.. .... 1 i -1 
0' -1— i 4 \-A i - -rJ L--- • a ri t\ u a- - | 1 1 1' 
0 -4- ... -!- 4 ... 4' 0 - -- ... QO4- - -- 4- . +_ j . !.. !-} I-0 4 i !i )•; ! J' r- "!" -- -t'2 i ... - - - ------ ... _i. .... - -|- ' 1 
• 4 ) '-- 1 ..j. -4-— - i 
,. ... 
... lb - ...1... i-4 1 4- 4 -! .... -1- i f 
.... >.- i - -J 4 ..... - 4 -U 
1 
-- .L •4 .... 
1 •j i •i-- ... ! -l - . .p. + •4-_.. r - -! 
•t •;• __ — • !- 4 — 4--• --4 . !.. T -j. _!. 4 -• j- _. -! - •4- •1-4" -r -r 4--\ -r --j-— " 1 
! _ 1 ..1. 4 .... X - -|-...]. .... -r l - 4. 4. .4. 4-- -r- 4--4 -
...j T 4 i-..! - •4 -_. 4 ..! --i • • -<- ...j. _l_ J- --
• I |- .4 .... [ -i - -!--1 -4 j" •r --•! | • i 1 _. —t -f _!_ .... -- -4 -!- -p "T "\ 
1 "1 T -t — 4- -I- -
...i j- ~[ •i- 4- "V - --.... v-4 _ 4- .... -4 -4 ... _1_ _ 
i 4 
"1 
-, - .... — " 4 L -J. 4 4 -h 4- . 4.. - 4 ~7 1 -{- -!- ..... - 4 "1" \- - -- . . h . .. J.. -•- -r -]- 4- 4--T- 4-..L 4 --. 1 -!- - j 4 - i 4 i ..... -- L.I4T -!-4- -4- .J i 
4 •!- ... -i r -r -• 4 4 4- -r . ..j. 
j 4 ...| ! 4 ... -t ---- - •-4-~(. -,- .(_ 1 i 
..... i -4 — ._. - - •- r.... -1- 1 .. j... ... -1- ~i i ... - — 4-_L - -i- !-JV 1 — 4 •- 44- ... T T J. "i- i 
.... — -i 4 I" n~ ~̂ / 'V i— + T 
-L -T > -A r . '\ K-i-
4 -i-.i TJ .J 4- T 4" 4 -;" - if — - 1 - 4 f 4- ....... -4-
F i g u r e 1 . N u c l e a r Magne t i c Resonance Spec t rum of I s o b u t y r a l d e h y d e 
N e a t . Sweep Time: 250 S e c o n d s ; Sweep Width: 250 c . p . s . ; 
I n s e r t O f f s e t : 350 c . p . s . ; F i l t e r Bandwidth : 4 c . p . s . ; 
R. F . F i e l d : 0 .02 mG.; Spec t rum Amp.: 0 . 6 3 . 
1 • • • • 1 • • • 1 . . . . . . . . . • - - - - 1 ----«-_• - -1 • ' 1 ' 1 1 • • • 1 • • 1 1 • ' ' • 1 ' ' 1 ' • ' ' 1 ' ' ' 1 1 ' 1 • ' 1 ' 1 ' •H- ! -1- -r n ' j' \~ ~r ..j. 4- _. _|... _!.4 LL -- - — _.!_. 4 .4 —4-|~ i -1- 4 --!-4- r !-4. 4 Ef h .... 4-4 4 ifer -- T--- .... -- -- 4; 4 4 -H— it' -4- .... . 4 Joi- 1 -4 • i -j-a _.L 4 4-_!._ 4 4. .4 i-fi-4-4 4- 0--4 -4--- ... 4- -T-- -4 -4- - { f 
t t ..... 4. _.„ -r 
T 
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The e x t r a o r d i n a r y c a t a l y t i c a c t i v i t y o f enzymes h a s been a s c r i b e d 
t o t h e a b i l i t y o f t h e a c t i v e s i t e s o f t h e enzyme t o p e r f o r m t h e i r v a r i o u s 
c a t a l y t i c f u n c t i o n s s i m u l t a n e o u s ^ , o r n e a r l y s o , on t h e s u b s t r a t e ( 1 ) , 
I t would seem f o r r e a c t i o n s c o n s i s t i n g o f s e v e r a l s t e p s , o r g a n i c m o l e ­
c u l e s w i t h v a r i o u s d i f f e r e n t f u n c t i o n a l g r o u p s s i m i l a r t o t h e a c t i v e 
s i t e s of an enzyme c o u l d s i m u l a t e t h e c a t a l y t i c a c t i o n o f an enzyme . 
Swain and Brown ( 1 ) r e p o r t e d t h e f i r s t example o f n e n z y m e - l i k e n o r 
p o l y f u n c t i o n a l c a t a l y s i s by a s i m p l e o r g a n i c m o l e c u l e . They found i n 
t h e m u t a r o t a t i o n o f t e t r a m e t h y l g l u c o s e t h a t 0 . 0 0 1 M_ 2 - h y d r o x y p y r i d i n e 
was 7 ,000 t i m e s as e f f e c t i v e a c a t a l y s t a s a m i x t u r e of 0 o 0 0 1 M_pyr id ine 
and 0 . 0 0 1 M_phenol . Yet 2 - h y d r o x y p y r i d i n e h a s an a c i d s t r e n g t h o n e -
h u n d r e d t h t h a t of p h e n o l and a b a s e s t r e n g t h o n l y one t e n - t h o u s a n d t h 
t h a t o f p y r i d i n e . The r a t e enhancement i s e x p l a i n e d i n t e r m s o f p o l y ­
f u n c t i o n a l c a t a l y s i s . 
Wes the imer and Cohen ( 2 ) found t h a t t h e d e a l d o l i z a t i o n o f d i a c e -
t o n e a l c o h o l was c a t a l y z e d by p r i m a r y and s e c o n d a r y amines b u t n o t by 
1 . C. G . Swain and J . F . Brown, J r . , J . Am. Chem. S o c , 74_, 
2534 ( 1 9 5 2 ) . 
2 . F . H. Wes the imer and H. Cohen, J . Am. Chem. S o c , 6 0 , 90 
(1938) . 
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t e r t i a r y a m i n e s . Wes the imer ( 3 ) l a t e r p r o p o s e d a c y c l i c i n t e r m e d i a t e 
w i t h an imine l i n k a g e t o a c c o u n t f o r t h i s o b s e r v a t i o n . Enzymes may 
f u n c t i o n i n a s i m i l a r f a s h i o n 
by h a v i n g a c t i v e s i t e s on t h e i r s u r f a c e which can p r o v i d e a p r i m a r y o r 
s e c o n d a r y amine e n d - g r o u p t o form an e l e c t r o n w i t h d r a w i n g imine l i n k a g e 
w i t h a c a r b o n y l g roup and a t e r t i a r y amine o r some o t h e r b a s i c g roup t o 
remove a p r o t o n . T h u s , an enzyme c o u l d " e n g u l f " t h e m o l e c u l e and a l l t h e 
s t e p s i n a r e a c t i o n c o u l d p r o c e e d i n an a l m o s t c o n c e r t e d manne r . 
T h i s r e s e a r c h was c o n c e r n e d f o r t h e most p a r t w i t h d e u t e r i u m 
r emova l by t e r t i a r y amines and p h e n o x i d e i o n s . To s t u d y t h i s p r o c e s s t h e 
s y s t e m i s o b u t y r a l d e h y d e i n w a t e r was c h o s e n . The s y s t e m h a s s e v e r a l good 
and some bad p o i n t s . The a l d e h y d e i s o x i d i z e d q u i t e e a s i l y and must be 
h a n d l e d w i t h c a r e i n an i n e r t a t m o s p h e r e . I s o b u t y r a l d e h y d e i s s o l u b l e t o 
t h e e x t e n t of o n l y 8 t o 10 p e r c e n t i n w a t e r . T h i s means t h a t i n t h e 
d i l u t e s o l u t i o n s u s e d t h e s i g n a l t o n o i s e r a t i o w i l l be u n f a v o r a b l e a t 
t i m e s f o r n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t r y . A f u r t h e r c o m p l i c a -
3 . F . H. W e s t h e i m e r , Ann. N . Y. Acad . S c i . . , 39_ ( A r t 5 ) , 401 
( 1 9 4 0 ) . 
H 
( 1 ) 
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t i o n i s t h e a l d o l c o n d e n s a t i o n t h a t o c c u r s i f t h e a l d e h y d e and t h e b a s e 
become t o o c o n c e n t r a t e d . The h y d r o x i d e i o n must a l s o be k e p t be low 
0 . 0 0 3 M t o keep t h e h y d r a t i o n - d e h y d r a t i o n e q u i l i b r i u m from b e i n g t o o 
r a p i d t o f o l l o w t h e k i n e t i c s w i t h n u c l e a r m a g n e t i c r e s o n a n c e , 
D e s p i t e t h e s e m i n o r d i f f i c u l t i e s t h e sys t em h a s s e v e r a l a d v a n t a g e s . 
The d e u t e r i u m exchange o f i s o b u t y r a l d e h y d e - 2 - d i n w a t e r can be f o l l o w e d 
w i t h n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r o m e t r y . I s o b u t y r a l d e h y d e h a s o n l y 
one e x c h a n g e a b l e hyd rogen t h u s e l i m i n a t i n g t h e s t a t i s t i c a l p r o b l e m s i n ­
v o l v e d w i t h t h i n g s l i k e p a r t i a l l y d e u t e r a t e d a c e t o n e . The n u c l e a r mag­
n e t i c r e s o n a n c e s p e c t r u m of a m i x t u r e of i s o b u t y r a l d e h y d e and i s o b u t y r -
a l d e h y d e - 2 - d i s s i m p l e and t h e a - m e t h y l g r o u p s of t h e m i x t u r e g i v e a 
c l e a n f i v e peak s p e c t r u m c o n s i s t i n g of a d o u b l e t from i s o b u t y r a l d e h y d e 
s u r r o u n d i n g t h r e e i n t e r i o r p e a k s from i s o b u t y r a l d e h y d e - 2 - d . T h i s a l l o w s 
t h e a - m e t h y l g roup s p e c t r u m t o b e swept i n t e n s e c o n d s a t f i f t y - s e c o n d 
sweep w i d t h . The i s o b u t y r a l d e h y d e - 2 - d i s e a s i l y p r e p a r e d . Water was 
u s e d as a s o l v e n t f o r t h e k i n e t i c s t u d i e s t o a p p r o x i m a t e t h e e n v i r o n ­
ment i n which n o r m a l e n z y m a t i c c a t a l y s i s o c c u r s . 
Be fo re c o n s i d e r i n g v a r i o u s p o l y f u n c t i o n a l m o d e l s , i t seemed r e a ­
s o n a b l e t o examine t h e v a r i o u s f u n c t i o n a l g r o u p s t h a t c o u l d be u s e d as 
c a t a l y s t s : t o d e t e r m i n e t h e b e s t t y p e o f " a c t i v e s i t e s " t o p u t on t h e 
p o l y f u n c t i o n a l c a t a l y s t . Tha t i s t o s a y t h a t n o t on ly must t h e " a c t i v e 
s i t e s " be s t e r i c a l l y i n t h e c o r r e c t p o s i t i o n , b u t t h e y must a l s o have 
t h e a b i l i t y t o do t h e j o b a s s i g n e d t hem. I n a c c o r d w i t h t h i s i d e a , we 
have s t u d i e d v a r i o u s c a t a l y s t s which c o u l d n o t form imine l i n k a g e s , b u t 
c o u l d f u n c t i o n i n a p r o t o n r emova l s t e p . The d e u t e r i u m exchange s t u d y 
i n v o l v e d a s u r v e y of t h e u s e o f v a r i o u s t e r t i a r y amines and oxygen b a s e s 
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a s c a t a l y s t s f o r t h e exchange of i s o b u t y r a l d e h y d e - 2 - d . 
The n i t r o g e n b a s e s c o n s i d e r e d were o f two t y p e s , t h e p y r i d i n e b a s e s 
and a l k y l t e r t i a r y a m i n e s . T e r t i a r y amines were chosen b e c a u s e t h e y c a n ­
n o t p a r t i c i p a t e i n t h e f o r m a t i o n o f an enamine w i t h t h e c a r b o n y l g roup„ 
To s t u d y t h e e f f e c t of h i n d r a n c e , amines w i t h two o f t h e a l k y l g roups 
back i n a r i n g were u sed and i n one c a s e a l l t h r e e a l k y l g r o u p s were h e l d 
back i n a b i c y c l i c compound. The s i m p l e a l k y l amines had v a r y i n g d e g r e e s 
of h i n d r a n c e . 
One a r e a t h a t would seem t o be p e r t i n e n t t o o u r s t u d y i s t h e b a s e -
c a t a l y z e d h a l o g e n a t i o n of k e t o n e s . For many y e a r s i t h a s been known t h a t 
t h e r a t e - d e t e r m i n i n g s t e p i n t h i s r e a c t i o n i s t h e p r o t o n - r e m o v a l s t e p 
( 4 , 5 ) . A c o r r e l a t i o n o f t h e a b i l i t y o f a s e r i e s o f b a s e s t o remove a 
p r o t o n i s t h e B r o n s t e d e q u a t i o n ( 6 ) . The B r o n s t e d E q u a t i o n , 
X 
k B = GKg 
where kg i s t h e c a t a l y t i c c o n s t a n t f o r any b a s e B, and Kg i s i t s i o n i ­
z a t i o n c o n s t a n t ; G i s a c o n s t a n t f o r a s e r i e s of s i m i l a r b a s e s and X i s 
be tween z e r o and o n e , and r e l a t e s t h e b a s e s t r e n g t h and t h e c a t a l y t i c 
a c t i v i t y . ' 
4 . J . sHi'ne, P h y s i c a l Organ i c • Che 'mis t ry , 2nd e d . , McGraw-Hil l 
Book C o . , I n c . , New York , N. Y . , 1 9 6 2 , s e c . 5 -2B . 
5 . R. P . B e l l , The, P r o t o n i n C h e m i s t r y , C o r n e l l U n i v e r s i t y 
P r e s s , I t h a c a , N. Y . , 1 9 5 9 , p . 1 4 3 . 
6 . J . N. B r o n s t e d , Chem. R e v . , 5 , 231 ( 1 9 2 8 ) . 
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P e a r s o n and W i l l i a m s ( 7 , 8) examined t h e b a s e - c a t a l y z e d i o d i n a -
t i o n o f n i t r o e t h a n e . Even t h o u g h t h e s u b s t r a t e i n t h i s s y s t e m i s n o t 
ve ry h i n d e r e d , t h e y found t h a t some b a s e s were l e s s e f f e c t i v e c a t a l y s t s 
i n t h e r a t e - d e t e r m i n i n g i o n i z a t i o n o f t h e n i t r o e t h a n e t h a n would be e x ­
p e c t e d from t h e i r b a s e s t r e n g t h . They found t h a t 2 , 6 - d i m e t h y l p y r i d i n e , 
2 , 4 , 6 - t r i m e t h y l p y r i d i n e and 2 - m e t h y l q u i n o l i n e had c a t a l y t i c c o n s t a n t s 
t h a t were low compared t o t h o s e o f a s e r i e s of p y r i d i n e s and q u i n o l i n e s „ 
They n o t e d t h a t a s i n g l e s u b s t i t u e n t i n t h e 2 p o s i t i o n o f p y r i d i n e d i d 
n o t s low t h e r a t e . T h i s m i g h t w e l l be due t o t h e f a c t t h a t t h e hydrogen 
b e i n g removed i s n o t s u r r o u n d e d by b u l k y g r o u p s . 
Lewis and A l l e n ( 9 ) have s t u d i e d t h e i o d i n a t i o n o f 2 - n i t r o p r o p a n e 
and n i t r o e t h a n e c a t a l y z e d by 2 - and 2 , 6 - s u b s t i t u t e d p y r i d i n e s i n 30 p e r 
c e n t e t h a n o l , . They found i n t h e p r o t i u m exchange t h a t t h e p y r i d i n e -
c a t a l y z e d i o d i n a t i o n o f 2 - n i t r o p r o p a n e o c c u r s a t a b o u t t h e same r a t e as 
t h e 2 , 6 - l u t i d i n e - c a t a l y z e d r e a c t i o n even t h o u g h 2 , 6 - l u t i d i n e i s more 
b a s i c . The 2 - t - b u t y l p y r i d i n e - c a t a l y z e d i o d i n a t i o n i s o n l y 1/16 as f a s t 
a s t h e . p y r i d i n e - c a t a l y z e d i o d i n a t i o n . S t e r i c e f f e c t s i n t h e p y r i d i n e -
c a t a l y z e d i o d i n a t i o n o f n i t r o e t h a n e were much s m a l l e r i f t h e y were 
p r e s e n t a t a l l . 
F e a t h e r and Gold ( 1 0 ) have s t u d i e d t h e b a s e - c a t a l y z e d i o d i n a t i o n 
7 . R. G. P e a r s o n and F . V. W i l l i a m s , J . Am. Chem. S o c , 7 5 , 
3073 (1953) . 
8 . R. G. P e a r s o n and F , V. W i l l i a m s , i b i d , , 7 6 , 258 ( 1 9 5 4 ) . 
9 . E . S . Lewis and J . D. A l l e n , J . Am. Chem. S o c , 8 6 , 2022 
(1964) . 
1 0 . J . A. F e a t h e r and V. G o l d , P r o c Chem. S o c , 1 9 6 2 , 3 0 6 . 
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o f a s e r i e s o f k e t o n e s w i t h v a r i o u s a l k y l g r o u p s a t t a c h e d t o t h e a l p h a 
c a r b o n . As b a s e s t h e y u s e d a g roup of h i n d e r e d and u n h i n d e r e d p y r i d i n e s . 
The c o n c l u s i o n s drawn were t h a t t h e p y r i d i n e s s u b s t i t u t e d i n t h e 2 and 
2 ,6 p o s i t i o n s were a b n o r m a l l y s low as was i n d i c a t e d by a B r o n s t e d p l o t 
of b o t h t h e h i n d e r e d and u n h i n d e r e d b a s e s . However, t h e w o r k e r s d i d n o t 
i n d i c a t e i f t h e p r o d u c t s were a n a l y z e d t o s e e which p r o t o n was r emoved . 
S i n c e t h e k e t o n e s s t u d i e d were f o r m u l a t e d RCH 2C0R' and t h e h i n d e r e d group 
was i n t r o d u c e d v i a R T and R' was m e t h y l i n t h r e e o f t h e f i v e c a s e s 
s t u d i e d , i t would seem t h a t t h e l e a s t h i n d e r e d p r o t o n would be removed 
f o r s t e r i c and e l e c t r o n i c r e a s o n s . The c a s e c i t e d as t h e one showing t h e 
l a r g e s t e f f e c t , c y c l o h e x a n o n e — 2 , 4 , 6 - t r i m e t h y l p y r i d i n e , might be due t o 
t h e m i s c a l c u l a t i o n o f a s t a t i s t i c a l f a c t o r . The c o n f o r m a t i o n o f t h e c y -
c l o h e x a n e r i n g l e a v e s a q u e s t i o n a s t o t h e number of h y d r o g e n s t h a t can 
be r emoved . 
B e l l and Wilson ( 1 1 ) found no d e v i a t i o n s from a B r o n s t e d t r e a t m e n t 
when t h e y s t u d i e d t h e b a s e - c a t a l y z e d d e c o m p o s i t i o n o f n i t r a m i d e i n w a t e r 
and a n i s o l e . 
HN = N0 2H + B t BH+ + N 2 0 + OH" 
They u s e d a s e r i e s o f p y r i d i n e s i n c l u d i n g 2 - m e t l r y l p y r i d i n e , b u t no 2 , 6 -
o r 2 , 4 , 6 - . s u b s t i t u t e d p y r i d i n e s . From t h e s e d a t a i t would a p p e a r t h a t 
t o show marked h i n d r a n c e t h e p r o t o n b e i n g removed must have some b u l k y 
g r o u p s a round i t . 
1 1 . R. P . B e l l and G. T . W i l s o n , T r a n s . F a r a d a y S o c , 4 6 , 407 
( 1 9 5 0 ) . 
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A n o t h e r r e a c t i o n i n v o l v i n g p r o t o n r emova l a s t h e r a t e - d e t e r ­
m i n i n g s t e p i s t h e h y d r a t i o n of a l d e h y d e s and k e t o n e s . B e l l , Rand, and 
Wynne-Jones ( 1 2 ) i n d i c a t e i n t h e i r s t u d y o f t h e b a s e - c a t a l y z e d h y d r a t i o n 
o f a c e t a l d e h y d e t h a t t h e 2 - and 2 , 6 - s u b s t i t u t e d p y r i d i n e s have a b n o r m a l ­
l y low c a t a l y t i c c o n s t a n t s compared t o t h e o t h e r s u b s t i t u t e d p y r i d i n e s . 
The e f f e c t i s n o t l a r g e , b u t a c e t a l d e h y d e i s n o t v e r y h i n d e r e d . 
In a c o m p r e h e n s i v e s t u d y o f a l a r g e number o f b a s e s B e l l and 
J e n s e n ( 1 3 ) examined t h e b a s e - c a t a l y z e d h y d r a t i o n of s y m - d i c h l o r o -
a c e t o n e . They found t h a t h y d r a t i o n c a t a l y z e d by p y r i d i n e s s u b s t i t u t e d 
i n t h e 2 - and 2 , 6 - p o s i t i o n s o c c u r s a t a s l o w e r r a t e t h a n would be 
e x p e c t e d from a B r o n s t e d p l o t o f t h e s u b s t i t u t e d p y r i d i n e s . They a l s o 
o b s e r v e d t h a t t h e c h a r g e d b a s e s were some 1,000 t i m e s b e t t e r c a t a l y s t s 
t h a n t h e u n c h a r g e d b a s e s . 
Wes the imer and C o v i t z ( 1 4 ) found i n t h r e e c a s e s t h a t p y r i d i n e s 
s u b s t i t u t e d 2 , 6 - and 2 , 4 , 6 - were marked ly h i n d e r e d . The c a s e s c o n s i d e r e d 
w e r e : t h e h y d r o l y s i s of m e t h y l e t h y l e n e p h o s p h a t e , t h e m u t a r o t a t i o n of 
g l u c o s e and t h e i n v e r s i o n of ( - ) m e n t h o n e . The s t u d i e s were made i n 70 
p e r c e n t e t h a n o l . 
1 2 . R. P . B e l l , M. H. Rand and K. M. A. W y n n e - J o n e s , T r a n s . 
Fa raday S o c , 52_, 1093 ( 1 9 5 6 ) . 
1 3 . R. P , B e l l and M. B . J e n s e n , P r o c . Roy . S o c . ( L o n d o n ) , 
A261, 38 ( 1 9 6 1 ) . 
1 4 . F . H. Wes the imer and F . C o v i t z , J . Am. Chem. S o c . , 8 5 , 1773 
( 1 9 6 3 ) . 
32 
Gold ( 1 5 ) d i s c u s s e s s t e r i c h i n d r a n c e of p r o t o n r emova l i n a c i d -
b a s e r e a c t i o n s and i n e q u i l i b r i a t h a t i n v o l v e p r o t o n t r a n s f e r s . He f e e l s 
t h a t p r o t o n remova l can be h i n d e r e d b u t n o t t o a l a r g e e x t e n t . I t would 
seem, however , t h a t no one h a s e v e r r e p o r t e d t h e s t u d y o f a s y s t e m i n 
which b o t h s u b s t r a t e and c a t a l y s t a r e h i g h l y h i n d e r e d . 
A n o t h e r r e a c t i o n t h a t may g i v e some u n d e r s t a n d i n g o f t h e mechanism 
of t h e exchange o f p r o t o n s a l p h a t o a c a r b o n y l group by amines i s t h e 
d e c a r b o x y l a t i o n o f 8 - k e t o a c i d s . P e d e r s e n ( 1 6 ) found t h a t t h e d e c a r b o x y ­
l a t i o n of a c e t o a c e t i c a c i d i s c a t a l y z e d by a n i l i n e . He l a t e r found t h a t 
t h e d e c a r b o x y l a t i o n was n o t g e n e r a l b a s e c a t a l y z e d b u t i s s p e c i f i c a l l y 
p r i m a r y amine c a t a l y z e d ( 1 7 ) . He s u g g e s t e d t h a t t h e amine c a t a l y s i s i s 
due t o t h e f o r m a t i o n o f a . S c h i f f b a s e a s an i n t e r m e d i a t e : 
> C = 0 + H2NR t > ,C = NR + H 2 0 
The C = NR g roup would have s t r o n g e r b a s i c p r o p e r t i e s t h a n t h e k e t o g r o u p -
O t h e r w o r k e r s ( 1 8 , 19) have found t h a t t h e d e c a r b o x y l a t i o n o f B - k e t o -
a c i d s i s s l i g h t l y c a t a l y z e d by t e r t i a r y and s e c o n d a r y amines b u t p r i m a r y 
15 . V, G o l d , P r o g r e s s i n S t e r e o c h e m i s t r y . , V o l . 3 , B u t t e r w o r t h s , 
London, 1 9 6 2 , p . 1 6 9 . 
1 6 . K. J , P e d e r s e n , J . P h y s . Chem.,, 38_, 5 59 (19 3 4 ) . 
1 7 . I d e m . , J . Am. Chem. Soc . , 60., 595 ( 1 9 3 8 ) . 
1 8 . E . 0 . W i i g , J . P h y s . Chem. , 32_, 9 6 1 ( 1 9 2 8 ) . 
1 9 . W. F r a n k e and G. B r a t h u h n , Ann., 4 8 7 , 1 ( 1 9 3 1 ) . 
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amines i n c r e a s e t h e r a t e t o a much g r e a t e r e x t e n t , 
Westheimer and J o n e s have s t u d i e d t h e r a t e o f d e c a r b o x y l a t i o n o f 
a , a - d i m e t h y l a c e t o a c e t l c c a c i d i n v a r i o u s s o l v e n t s ( 2 0 ) . They found 
t h a t t h e r a t e of d e c a r b o x y l a t i o n i s v i r t u a l l y i n d e p e n d e n t of t h e d i ­
e l e c t r i c c o n s t a n t of t h e s o l v e n t o v e r t h e r a n g e s t u d i e d . T h i s would 
e l i m i n a t e a z w i t t e r i o n t y p e S c h i f f - b a s e i n t e r m e d i a t e and s u g g e s t a c y c l i c 
k e t i m i n e i n t e r m e d i a t e l i k e t h e one s u g g e s t e d by Wes the imer ( 2 ) f o r t h e 
d e a l d o l i z a t i o n o f d i a c e t o n e a l c o h o l . 
Matsumoto ( 2 1 ) ha s s t u d i e d t h e d e c a r b o x y l a t i o n o f a c e t o a c e t i c a c i d 
i n v a r i o u s s o l v e n t s w i t h a m i n o a n t i p y r i n e . He a l s o s u g g e s t s t h e - f o r m a t i o n 
o f a k e t i m i n e i n t e r m e d i a t e . 
Of i n t e r e s t t o t h e i d e a o f p o l y f u n c t i o n a l c a t a l y s i s and enzymes , 
Wes the imer and F r i d o v i c h have found t h a t t h e d e c a r b o x y l a t i o n o f a c e t o ­
a c e t i c a c i d by t h e d e c a r b o x y l a s e f ronr -Cl . a c e t o b u t y l i c u m p r o c e e d s by way 
2 0 . F . H. Wes the imer and W. A. J o n e s , J . Am. Chem. S o c . , 6 3 , 
3283 ( 1 9 4 1 ) . 
2 1 . S . Matsumoto , T e c h . B u l l , kagawa A g r . C o l l . ( J a p a n ) 5_, 103 
( 1 9 5 3 ) ; C. A . , 4 9 , 7 4 9 3 i ( 1 9 5 5 ) . 
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o f a S c h i f f b a s e o r a S c h i f f - b a s e s a l t ( 2 2 ) . 
I n t h e i s o b u t y r a l d e h y d e - b a s e s y s t e m one o f t h e i n t e r e s t i n g and 
n e c e s s a r y d a t a needed i s t h e e q u i l i b r i u m c o n s t a n t f o r t h e a l d e h y d e - a l d o l 
e q u i l i b r i u m . Usherwood ( 2 3 ) s t u d i e d t h e e q u i l i b r i u m and r e p o r t e d i n 
h e t e r o g e n o u s e q u i l i b r i u m a t 35° t h e r e i s 1G p e r c e n t a l d e h y d e and 9G p e r 
c e n t a l d o l p r e s e n t . At t h e t i m e of t h i s work t h e t r i m e r was n o t w e l l 
d e f i n e d . From t h e b o i l i n g p o i n t s and t h e r e a c t i o n c o n d i t i o n s i t a p p e a r s 
t h a t Usherwood was s t u d y i n g t h e t r i m e r f o r m a t i o n and d e c o m p o s i t i o n . 
In a p o l y f u n c t i o n a l a c i d - b a s e c a t a l y s t b o t h an a c i d " s i t e " and 
a b a s e " s i t e " a r e r e q u i r e d . In n o r m a l c a t a l y s i s t h i s would be t h e same 
a s a d d i n g b o t h an a c i d and a b a s e t o t h e r e a c t i o n as Swain and Brown ( 1 ) 
d i d i n t h e c a s e of t h e m u t a r o t a t i o n o f t e t r a m e t h y l g l u c o s e . Some r e a c ­
t i o n s may f a l l i n t h e c a t e g o r y o f t e r m o l e c u l a r r e a c t i o n s w i t h t h e s o l v e n t 
a c t i n g a s one component . 
S h i l o v and Yasn ikov ( 2 4 ) s t u d i e d t h e i o d i n a t i o n o f a c e t o n e a t 
v a r i o u s p H ' s and w i t h v a r i o u s amino a c i d s . They p r o p o s e t h a t a t c e r t a i n 
p H ' s t h e r e a r e t e r m o l e c u l a r t e r m s i n v o l v i n g t h e a c e t o n e , a b a s i c g roup 
and an a c i d i c g r o u p . The a c i d i c and b a s i c f u n c t i o n a l g r o u p s can b e p r o ­
v i d e d by t h e amino a c i d o r t h e b u f f e r . However, t h e y a l s o r e p o r t e d t e r m s 
t h a t have o n l y a s i n g l e amino a c i d component i m p l y i n g t h e f o r m a t i o n o f 
'f 
2 2 . F . H. Wes the imer and I . F r i d o v i c h , J . Am. Chem. S o c , 8 4 , 
3208 (1962) . 
2 3 . E . H. Usherwood, J . Chem. S o c , 1 2 3 , 1717 ( 1 9 2 3 ) . 
2 4 . E . A. S h i l o v and A. A. Y a s n i k o v , U k r a i n . Khim. Z h u r . , 2 7 , 
639 ( 1 9 6 1 ) . 
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a c y c l i c k e t i m i n e - t y p e i n t e r m e d i a t e . 
I t would seem, t h e n , t h a t t h e s t u d y of t h e p r o t o n exchange i n i s o ­
b u t y r a l d e h y d e w i l l p r o v i d e a s y s t e m t h a t can be u s e d t o s t u d y s e v e r a l 
p r o b l e m s . The s u b s t r a t e i s h i n d e r e d enough t o p r o v i d e a s t u d y of t h e 
h i n d r a n c e i n p r o t o n r e m o v a l . The s y s t e m l e n d s i t s e l f t o t h e s t u d y o f 
p o l y f u n c t i o n a l c a t a l y s t s i n an a c i d - b a s e s y s t e m . 
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CHAPTER I I 
EXPERIMENTAL RESULTS 
Chemicals" 1" 
A c e t i c A c i d — B a k e r Ana lyzed r e a g e n t g r a d e a c e t i c a c i d was u s e d 
w i t h o u t f u r t h e r p u r i f i c a t i o n . 
o - C h l o r o p h e n o l — F i s h e r S c i e n t i f i c Company o_-ch lo ropheno l was 
2 
d i s t i l l e d u n d e r n i t r o g e n u s i n g column No. 1 . 
m - C h l o r o p h e n o l — E a s t m a n w h i t e l a b e l m - c h l o r o p h e n o l was d i s t i l l e d 
2 
u n d e r n i t r o g e n u s i n g column No . 2 . 
p - C h l o r o p h e n o l — E a s t m a n w h i t e l a b e l p - c h l o r o p h e n o l was vacuum-
s u b l i m e d a t a p p r o x i m a t e l y f i v e mm. and 1 2 5 ° . 
o - C r e s o l — E a s t m a n p r a c t i c a l g r a d e o_-cresol was d i s t i l l e d u n d e r 
n i t r o g e n u s i n g column N o . 1 . 
p - C r e s o l — E a s t m a n p r a c t i c a l g r a d e p - c r e s e l was d i s t i l l e d u n d e r 
2 
n i t r o g e n u s i n g column No. 3 . 
D i m e t h y l a m i n o e t h a n o l — S t o c k d i m e t h y l a m i n o e t h a n o l was d i s t i l l e d 
u n d e r n i t r o g e n u s i n g column No. 3 . 
I s o b u t y r a l d e h y d e — E a s t m a n Chemica l Company s u p p l i e d a sample o f 
i s o b u t y r a l d e h y d e which was d i s t i l l e d u n d e r n i t r o g e n u s i n g column No. 3 . 
^ The b o i l i n g and m e l t i n g p o i n t s t h a t were d e t e r m i n e d a r e l i s t e d 
i n T a b l e s 1 and 2 a t t h e end o f t h i s s e c t i o n . 
2 
The columns a r e d i s c u s s e d i n t h e s e c t i o n on e q u i p m e n t . 
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I m i d a z o l e — E a s t m a n w h i t e l a b e l i m i d a z o l e was u s e d w i t h o u t f u r t h e r 
p u r i f i c a t i o n . 
2 , 4 - L u t i d i n e — A l d r i c h Chemica l Company 2 , , 4 - l u t i d i n e was d i s t i l l e d 
u n d e r n i t r o g e n u s i n g column No. 3 . 
2»6-Lut id ine—"Eas tman w h i t e l a b e l 2 , 6 - l u t i d i n e was u sed w i t h o u t 
o . 2 
f u r t h e r p u r i f i c a t i o n a f t e r g a s - l i q u i d c h r o m o t o g r a p h y 3 u s i n g column A 
and column K i n d i c a t e d no i m p u r i t i e s . 
3 , 4 - L u t i d i n e — A l d r i c h Chemica l Company r e a g e n t g r a d e 3 , 4 - l u t i d i n e 
was d i s t i l l e d u n d e r n i t r o g e n u s i n g Column No. 2 . 
Methylamine H y d r o c h l o r i d e — E a s t m a n w h i t e l a b e l m e t h y l a m i n e h y d r o ­
c h l o r i d e was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
N - M e t h y l d i e t h y l a m i n e — E a s t m a n w h i t e l a b e l N - m e t h y l d i e t h y l a m i n e 
was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n a f t e r g . 1 . c , u s i n g Column A 
and Column K showed no i m p u r i t i e s . 
N - M e t h y l m o r p h o l i n e — C a r b i d e and Carbon Chemica l Company r e a g e n t 
g r a d e N - m e t h y l m o r p h o l i n e was d i s t i l l e d u n d e r n i t r o g e n u s i n g Column No. 3 . 
N - M e t h y l p i p e r i d i n e — A l d r i c h Chemical Company N - m e t h y l p i p e r i d i n e 
was d i s t i l l e d u n d e r n i t r o g e n u s i n g Column No. 2 . 
N - M e t h y l p y r r o l i d i n e — A l d r i c h Chemica l Company N - m e t h y l p y r r o l i d i n e 
was d i s t i l l e d u n d e r n i t r o g e n u s i n g Column No. 2 . 
m - N i t r o p h e n o l — E a s t m a n w h i t e l a b e l m - n i t r o p h e n o l was vacuum-
s u b l i m e d a t a p p r o x i m a t e l y 10 mm. and 1 2 5 ° . 
p - N i t r o p h e n o l — E a s t m a n w h i t e l a b e l ' p _ - n i t r o p h e n o l was vacuum-
s u b l i m e d a t 10 mm. and 1 2 5 ° . 
I n t h e f o l l o w i n g d i s c u s s i o n s t h e a b b r e v i a t i o n g . 1 . c , w i l l 
be u s e d . 
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P e r c h l o r i c Ac id—Bake r Ana lyzed r e a g e n t g r a d e p e r c h l o r i c a c i d 
was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
P h e n o l — B a k e r Ana lyzed r e a g e n t g r a d e p h e n o l was d i s t i l l e d u n d e r 
n i t r o g e n u s i n g Column No. 2 . A y e l l o w c o l o r a p p e a r e d when t h e b u f f e r 
was p r e p a r e d . To check t h e p u r i t y f u r t h e r a sample of p h e n o l was vacuum-
s u b l i m e d a t 10 mm. The b u f f e r made from t h i s m a t e r i a l a l s o h a s a s l i g h t 
y e l l o w c o l o r . 
4 - P i c o l i n e — A l d r i c h Chemica l Company 4 - p i c o l i n e was u s e d w i t h o u t -
f u r t h e r p u r i f i c a t i o n a f t e r g . 1 . c . u s i n g Column A and Column K i n d i c a t e d 
no i m p u r i t i e s . 
2 , 2 ' , 2 " - N i t r i l o t r i e t h a n o l - - T r i e t h a n o l a m i n e was o b t a i n e d from Dr. 
J u l i e n M u l d e r s . The m a t e r i a l had been d i s t i l l e d u n d e r r e d u c e d p r e s s u r e 
u s i n g a v a c u u m - j a c k e t e d column c o n t a i n i n g g l a s s h e l i c e s . 
T r i e t h y l a m i n e — E a s t m a n w h i t e l a b e l t r i e t h y l a m i n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n a f t e r t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m of an 
aqueous s o l u t i o n i n d i c a t e d no i m p u r i t i e s . 
l , 4 - D i a z a b i c y c l o [ 2 . 2 . 2 . D o c t a n e — H o u d r y P r o c e s s C o r p o r a t i o n 1 , 4 -
d i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e was used w i t h o u t f u r t h e r p u r i f i c a t i o n . 
T r i m e t h y l a m i n e - - E a s t m a n w h i t e l a b e l t r i m e t h y l a m i n e was u s e d w i t h o u t 
f u r t h e r p u r i f i c a t i o n . 
T r i m e t h y l a m i n e - N - o x i d e — T r i m e t h y l a m i n e - N - o x i d e was p r e p a r e d by 
Dr . J a c k Hine by t h e o x i d a t i o n of t r i m e t h y l a m i n e w i t h h y d r o g e n p e r o x i d e 
and v a c u u m - s u b l i m e d . 
2 » 4 , 6 , - T r i m e t h y l p y r i d i n e — E a s t m a n w h i t e l a b e l 2 , 4 , 6 - t r i m e t h y l p y -
r i d i n e was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n a f t e r g . 1 . c . u s i n g Column 
A and Column K i n d i c a t e d no i m p u r i t i e s . 
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Sodium P e r c h l o r a t e — G . F r e d e r i c k Smith Chemica l Company r e a g e n t 
g r a d e sodium p e r c h l o r a t e was u s e d w i t h o u t f u r t h e r p u r i f i c a t i o n . 
S y n t h e s i s o f I s o b u t y r a l d e h y d e - 2 - d — T h e f i r s t a t t e m p t t o make i s o ­
b u t y r a l d e h y d e -2 - d was t o r e f l u x i s o b u t y r a l d e h y d e i n heavy w a t e r u s i n g 
sodium c a r b o n a t e as a c a t a l y s t . The r e f l u x i n g s y s t e m was f l u s h e d f o r 
some t i m e w i t h n i t r o g e n and 4 .26 g . ( 0 . 0 4 mole ) of sodium c a r b o n a t e was 
added t o a m i x t u r e of 20 m l . of heavy w a t e r and 20 m l . ( 0 . 2 2 mole ) o f 
i s o b u t y r a l d e h y d e . A f t e r m i x i n g t h e l i q u i d became warm and more v i s c o u s 
t h a n e i t h e r componen t . The m i x t u r e was r e f l u x e d f o u r and o n e - h a l f h o u r s 
and a w h i t e s o l i d m a t e r i a l formed i n t h e f l a s k . The t e m p e r a t u r e was 
r a i s e d t o d i s t i l l t h e p r o d u c t s . The d i s t i l l a t e p r o v e d t o be heavy 
w a t e r . The w h i t e s o l i d m a t e r i a l was b e l i e v e d t o be a c o n d e n s a t i o n 
p r o d u c t of i s o b u t y r a l d e h y d e . T h i s s y n t h e t i c r o u t e was abandoned w i t h o u t 
f u r t h e r e x a m i n a t i o n . 
The s e c o n d a t t e m p t t o p r e p a r e i s o b u t y r a l d e h y d e - 2 - d i n v o l v e d t h e 
u se o f a t r i m e t h y l a m i n e - t r i m e t h y l a m m o n i u m p e r c h l o r a t e b u f f e r t o c a t a l y z e 
t h e exchange i n heavy w a t e r . To 100 m l . o f heavy w a t e r , 26 m l . o f a 
b u f f e r composed o f 2 . 0 8 M_ t r i m e t h y l a m i n e and 0 . 6 9 M_ t r i m e t h y 1 ammonium 
p e r c h l o r a t e p r e p a r e d i n heavy w a t e r was a d d e d . T h i s s o l u t i o n was p o u r e d 
i n t o a 250 m l . s e p a r a t o r y f u n n e l a l o n g w i t h 4 m l . of i s o b u t y r a l d e h y d e 
and s h a k e n f o r s e v e r a l m i n u t e s . The s o l u t i o n became c l o u d y a l m o s t a t 
o n c e . A f t e r s t a n d i n g f o r a p p r o x i m a t e l y one h o u r , t h e m i x t u r e was e x ­
t r a c t e d w i t h t h r e e 2 0 - m l . p o r t i o n s of m - x y l e n e . 
I n o r d e r t o d e t e r m i n e i f t h e m - x y l e n e s o l u t i o n s o f i s o b u t y r a l d e -
h y d e - 2 - d c o u l d be washed w i t h 1 M_ h y d r o c h l o r i c a c i d and w a t e r w i t h o u t 
l o s s of d e u t e r i u m , 25 m l . o f t h e m - x y l e n e s o l u t i o n was d i v i d e d i n t o 
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two 1 2 . 5 - m l . p o r t i o n s . One 1 2 . 5 - m l . p o r t i o n was washed w i t h 1 0 . m l , of 
1 M_deuter ium c h l o r i d e i n heavy w a t e r and t h e n w i t h two 1 0 - m l . p o r t i o n s 
of heavy w a t e r . The s e c o n d 1 2 . 5 - m l . p o r t i o n was washed w i t h 10 m l , of 
1 M _ h y d r o c h l o r i c a c i d and t h e n w i t h two 10 - ml . p o r t i o n s of w a t e r . Both 
m-xy lene s o l u t i o n s , a f t e r d r y i n g ; o v e r s i l c a ge l . , gave i d e n t i c a l n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r u m . 
The t h r e e m-xy l ene e x t r a c t s were p o u r e d t o g e t h e r and washed w i t h 
two 1 5 - m l . p o r t i o n s o f 1 M h y d r o c h l o r i c a c i d f o l l o w e d by t h r e e 2 0 - m l , 
p o r t i o n s o f w a t e r . The m-xy lene s o l u t i o n was t h e n d r i e d o v e r s i l c a 
g e l f o r t e n m i n u t e s and s t o r e d u n d e r n i t r o g e n . The p r o c e d u r e was r e ­
p e a t e d s e v e r a l t i m e s u n t i l a p p r o x i m a t e l y 250 m l . o f combined m - x y l e n e 
s o l u t i o n was o b t a i n e d . A f t e r each s e t of t h r e e e x t r a c t i o n s enough b u f f e r 
was added t o a c c o u n t f o r t h e amount of t r i m e t h y l a m i n e r emoved . T h i s 
u s u a l l y amounted t o 10 t o 12 m l . of t h e b u f f e r . The m-xy lene s o l u t i o n 
was d i s t i l l e d u n d e r n i t r o g e n on Column No. 3 . 
In a n o r m a l p r e p a r a t i o n t h e p r o c e d u r e was r e p e a t e d f i v e t i m e s . 
The y i e l d s o f i s o b u t y r a l d e h y d e - 2 - d were a p p r o x i m a t e l y 33 p e r c e n t . The 
p u r i t y o f t h e m a t e r i a l was i n d i c a t e d by i t s t y p i c a l n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r u m , r e f r a c t i v e i n d e x and b o i l i n g p o i n t . The r e f r a c t i v e 
i n d e x was 1.3750 a t 19° and t h e b o i l i n g p o i n t was 6 3 - 6 3 . 5 ° . The n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r a . F i g u r e s 8 , 9 and 1 0 , were c l e a n and i n d i c a t e d 
o n l y t h e e x p e c t e d p e a k s , 
The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m of i s o b u t y r a l d e h y d e - 2 - d 
n e a t c o n s i s t s of a t r i p l e t (6 p r o t o n s ) a t 8 . 9 4 T ( J = 1 .05 c . p . s . ) and a 
b r o a d peak (one p r o t o n ) a t 0 .57x t h a t c o u l d n o t be r e s o l v e d . T e t r a -
m e t h y l s i l a n e was u sed as an i n t e r n a l s t a n d a r d . The 8 . 9 4 T t r i p l e t i s a t -
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t r i b u t e d t o t h e s i x m e t h y l h y d r o g e n s s p l i t by t h e d e u t e r i u m and t h e 0 „ 5 7 T 
b r o a d peak i s a s s i g n e d t o t h e a l d e h y d e h y d r o g e n . The v a l u e of J^/J-Q i s 
6 . 67 which i s i n ag reemen t w i t h t h e v a l u e of 6 .55 p r e d i c t e d by Gutowsky, 
K a r p l u s and Gran t ( 25 ) from t h e o r e t i c a l c o n s i d e r a t i o n s . 
The s p e c t r u m i n heavy w a t e r u s i n g sodium 3 - ( t r i m e t h y l s i l y l ) - l -
p r o p a n e s u l f o n a t e a s an i n t e r n a l s t a n d a r d c o n s i s t s o f a t r i p l e t (6 
p r o t o n s ) a t 8 . 9 0 T ( J = 1.05 c . p . s . ) , a b r o a d peak (6 p r o t o n s ) a t 9 . 0 9 T , 
a b r o a d peak ( 1 p r o t o n ) a t 5 , 2 3 T and a b r o a d peak ( 1 p r o t o n ) a t 0 . 4 3 x . 
The peaks t h a t d i d n o t a p p e a r i n t h e s p e c t r u m of t h e n e a t sample a r e 
a t t r i b u t e d t o t h e h y d r a t e . The 9 . 0 9 T peak i s a s s i g n e d t o t h e s i x m e t h y l 
h y d r o g e n s and t h e peak a t 5.23.T i s a s s i g n e d t o t h e hyd rogen on t h e d i -
h y d r o x y m e t h y l g r o u p . 
Dur ing t h e l a t e r p h a s e s o f t h e s t u d y t h e i s o b u t y r a l d e h y d e - 2 - d was 
p r o v i d e d by Dr. J u l i e n Mulders and Dr . J a c k Hine . Th i s m a t e r i a l was 
p r e p a r e d by h y d r o l y s i s of i s o b u t e n y l a c e t a t e i n heavy w a t e r . In one l o t 
of m a t e r i a l s y n t h e s i s e d i n t h i s manner t h e r e a p p e a r e d t o be an i m p u r i t y 
t h a t c a t a l y z e d t h e f o r m a t i o n of t h e i s o b u t y r a l d e h y d e t r i m e r — 2 , 4 , 6 - t r i i -
s o p r o p y l - l , 3 , 5 - t r i o x a n e — w h i c h c r y s t a l l i z e d ou t of t h e p u r e i s o b u t y r a l d e -
h y d e - 2 - d . When t h i s o c c u r r e d t h e i s o b u t y r a l d e h y d e - 2 - d was r e d i s t i l l e d 
t o remove t h e t r i m e r . 
S y n t h e s i s of 2 , 6 - D i i s o p r o p y l - 5 , 5 - d i m e t h y l - - 4 - m - D i o x a n o l — T h e p r o ­
c e d u r e f o r t h e s y n t h e s i s o f 2 , 6 - d i i s o p r o p y l - 5 , 5 - d i m e t h y l - 4 - m - d i o x a n o l 
2 5 . H. S . Gutowsky, M. K a r p l u s and D. M. G r a n t , J . Chem. P h y s . , 
3 1 , 1278 ( 1 9 5 9 ) . 
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was s i m i l a r t o t h a t d e s c r i b e d by S a u n d e r s , Mur ray , and C l e v e l a n d ( 2 6 ) . 
To a p r e c o o l e d t h r e e - n e c k e d f l a s k e q u i p p e d w i t h a s t i r r e r , s e p a r a t o r y 
f u n n e l and t h e r m o m e t e r was added 100 m l . of i s o b u t y r a l d e h y d e , 100 m l . of 
d i e t h y l e t h e r and 15 d rops o f d i -n_-b .u ty lamine . T h i s m i x t u r e was c o o l e d 
t o 4° and a 10 p e r c e n t by w e i g h t s o l u t i o n of p o t a s s i u m h y d r o x i d e was 
added a t a r a t e t h a t d i d n o t a l l o w t h e t e m p e r a t u r e t o e x c e e d 1 0 ° . "The 
r e a c t i o n was c o n s i d e r e d c o m p l e t e when t h e a d d i t i o n of 10 m l . of p o t a s ­
sium h y d r o x i d e d i d n o t c aused t h e t e m p e r a t u r e t o r i s e . The t o t a l amount 
of 10 p e r c e n t p o t a s s i u m hydroxide , s o l u t i o n u s e d was 80 m l . 
The h e t e r o g e n e o u s m i x t u r e was s e p a r a t e d w i t h a s e p a r a t o r y f u n n e l 
and t h e o r g a n i c l a y e r was washed t h r e e t i m e s w i t h 2 5 - m l . p o r t i o n s of 
d i s t i l l e d w a t e r . The o r g a n i c l a y e r was t h e n d r i e d o v e r a n h y d r o u s sodium 
s u l f a t e f o r f o u r h o u r s . The e t h e r was removed ait r e d u c e d p r e s s u r e and 
t h e p r o d u c t d i s t i l l e d a t 5 mm. The f r a c t i o n s d i s t i l l i n g a t 99-100° a t 
3 mm. were 2 , 6 - d i i s o p r o p y l - 5 , 5 - d i m e t h y l - 4 - m - d i o x a n o l . The y i e l d was 64 
g . o r 80 p e r c e n t . 
A t t e m p t e d S y n t h e s i s of I s o b u t y r a l d o l — U s i n g t h e t e c h n i q u e r e p o r t e d 
by S a u n d e r s , Murray and C l e v e l a n d ( 2 4 ) , t h e s y n t h e s i s o f i s o b u t y r a l d o l 
was a t t e m p t e d . The d i e t h y l e t h e r s o l u t i o n o b t a i n e d by t h e a d d i t i o n o f 
80 m l . o f a 10 p e r c e n t p o t a s s i u m h y d r o x i d e s o l u t i o n t o a m i x t u r e of one 
100 m l . of i s o b u t y r a l d e h y d e and one 100 m l . of d i e t h y l e t h e r a t 0 - 1 0 ° C . 
was s e p a r a t e d from t h e aqueous p h a s e and washed w i t h v i g o r o u s s h a k i n g 
w i t h s e v e r a l 2 5 - m l . p o r t i o n s o f 5 p e r c e n t s u l f u r i c a c i d . The o r g a n i c 
l a y e r was d r i e d f o r s e v e r a l h o u r s o v e r anhydrous sod ium s u l f a t e . The 
2 6 . R. H. S a u n d e r s , M . J . Murray and F . F . C l e v e l a n d , J . Am. 
Chem. S o c , 65-, 1714 ( 1 9 4 3 ) . 
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d i e t h y l e t h e r was removed a t r e d u c e d p r e s s u r e and t h e p r o d u c t d i s t i l l e d 
a t 2 -3 mm. p r e s s u r e . The p r o d u c t was c o l l e c t e d a t 9 9 - 1 0 0 ° C . The n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r u m i n d i c a t e d no a l d e h y d e h y d r o g e n peak i n t h e 
r e g i o n a round 550 c . p . s . d o w n f i e l d from t e t r a m e t h y l s i l a n e a s e x p e c t e d 
f o r i s o b u t y r a l d o l . 
S y n t h e s i s o f I s o b u t y r a l d o l ( 3-Hydroxy-2 ±2 , 4 i t r i m e t h y l v a l e r a l d e -
hyde)—A m i x t u r e o f 13 grams o f 2 , 6 - d i i s o p r o p y l - 5 , 5 - d i m e t h y l - 4 - m -
d i o x a n o l and 50 m l . o f w a t e r was r e f l u x e d w i t h , 5 . 5 m l . o f 1 M s u l f u r i c 
a c i d f o r s e v e r a l h o u r s . The t e m p e r a t u r e was r a i s e d and t h e w a t e r - i s o b u -
t y r a l d e h y d e a z e t r o p e was d i s t i l l e d a t 72-99° on Column No. 2 . The d i s ­
t i l l a t i o n was s t o p p e d when no more i s o b u t y r a l d e h y d e was o b s e r v e d i n t h e 
d i s t i l l a t e . The p o t r e s i d u e was a l l o w e d t o c o o l and was t h e n e x t r a c t e d 
w i t h 100 m l . of d i e t h y l e t h e r . The e t h e r e x t r a c t was d r i e d f o r a few 
m i n u t e s o v e r anhydrous sodium s u l f a t e and t h e e t h e r removed a t r e d u c e d 
p r e s s u r e . The o r g a n i c r e s i d u e was vacuum d i s t i l l e d a t 70-75° a t 3 mm. 
The y i e l d was 2 . 4 g . o r 27 p e r c e n t . 
The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m , F i g . 11 , o f i s o b u ­
t y r a l d o l i n ca rbon t e t r a c h l o r i d e c o n s i s t s of s i x p r o t o n s i n a d o u b l e t 
a t 9 . I T ( J = 6 . 8 c . p . s . ) and a d o u b l e t a t 9 . 0 7 T ( J = 6 . 8 c . p . s . ) , s i x 
p r o t o n s i n a s i n g l e t a t 8 „ 9 3 T , one p r o t o n i n a m u l t i p l e t a t 8 . 2 T , a 
s i n g l e t a t 7 . 3 5 T , one p r o t o n i n a d o u b l e t a t 6 . 5 2 T ( J = 4 . 0 c . p . s . ) and 
one p r o t o n i n a s i n g l e t a t 0 . 5 0 T . The two d o u b l e t s a t 9 . I T and 9 . 0 7 T 
a r e a s s i g n e d t o t h e s i x h y d r o g e n s on t h e m e t h y l g r o u p s on ca rbon f o u r . 
The s p l i t t i n g i s due t o t h e a s y m m e t r i c c e n t e r a t c a r b o n t h r e e . The 
s i n g l e t a t 8 .93x i s a t t r i b u t e d t o t h e s i x h y d r o g e n s on t h e two m e t h y l 
g r o u p s on ca rbon two which happens t o be u n s p l i t . The m u l t i p l e t a t 
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8 . 2 0 T i s a s s i g n e d t o t h e hydrogen on c a r b o n f o u r . The s i n g l e t a t 7 . 3 5 T 
i s a s s i g n e d t o t h e hyd rogen on t h e h y d r o x y l g r o u p . Dur ing t h e s t u d y t h e 
o b s e r v a t i o n was made t h a t t h e p o s i t i o n of t h e h y d r o x y l g roup h y d r o g e n 
was d e p e n d e n t on t h e c o n c e n t r a t i o n . The d o u b l e t a t 6 . 5 2 T was a s s i g n e d 
t o t h e h y d r o g e n on ca rbon t h r e e and t h e 0 . 5 0 T peak was a s s i g n e d t o t h e 
a l d e h y d e h y d r o g e n . T e t r a m e t h y l s i l a n e was u s e d as an i n t e r n a l s t a n d a r d . 
I n t h e n e a t s p e c t r u m of i s o b u t y r a l d o l t h e s i x p r o t o n s on t h e m e t h y l 
g r o u p s on c a r b o n two a r e s p l i t i n t o a d o u b l e t and t h e s i x p r o t o n s on 
t h e m e t h y l g r o u p s on c a r b o n f o u r a r e s p l i t i n t o o n l y one d o u b l e t . 
The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m of a s a t u r a t e d s o l u t i o n 
of i s o b u t y r a l d o l i n heavy w a t e r , F i g . 1 2 , c o n s i s t e d of s i n g l e t s a t 9 . 0 7 x , 
9 . 1 7 x , 8 . 9 2 T and 0 . 4 2 x . At 8 . 1 5 T and 7 . 1 5 T t h e r e were b l u r r e d m u l t i p l e t s 
and a t 6 . 4 9 T ( J = 5 c . p . s . ) a d o u b l e t . The d o u b l e t s t h a t a p p e a r e d a t 
9 .07x and 9 . I T i n c a r b o n t e t r a c h l o r i d e have merged i n t o s i n g l e t s a t 9 . 0 7 T 
and 9 . 1 7 T . The o t h e r p e a k s have t h e same a s s i g n m e n t s a s b e f o r e w i t h 
s l i g h t s h i f t s . The i n t e r n a l r e f e r e n c e i n heavy w a t e r was sodium 3 - ( t r i -
m e t h y l s i l y l ) - l - p r o p a n e s u l f o n a t e . 
I n a symposium Hagemeyer and c o - w o r k e r s (,27) r e p o r t e d s i m i l a r 
r e s u l t s c o n c e r n i n g t h e d i f f i c u l t y i n o b t a i n i n g t h e a l d o l from an a c i d 
wash as d e s c r i b e d by S a u n d e r s and c o - w o r k e r s ( 2 6 ) . They found t h a t t h e 
d i o x a n o l i n 1 p e r c e n t a c e t i c a c i d a t r e f l u x gave 9G p e r c e n t y i e l d s o f 
a l d o l . T h i s t e c h n i q u e was u s e d on a s m a l l s c a l e i n t h i s s t u d y and found 
t o be v e r y e f f e c t i v e . 
2 7 . H. J . Hagemeyer , G. V. Hudson , S . H. J o h n s o n , M. B . Edwards 
and H . N . W r i g h t , Am. Chem. S o c , D i v . P e t r o l . Chem. , P r e p r i n t s - S y m p o s i a 
1 , No, 2 , 6 3 (1956 ) . 
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S y n t h e s i s of N - M e t h y l i m i d a z o l e — T h e s y n t h e s i s o f H a r i n g (28 ) was 
t o p r e p a r e N - m e t h y l i m i d a z o l e . To a s o l u t i o n of 68 m l . of m e t h a n o l and 
102 m l . o f 10 M_ sodium h y d r o x i d e , 68 g . ( 1 . 0 mole) of i m i d a z o l e was 
a d d e d . Over a p e r i o d o f f o u r h o u r s 150 g . ( 1 . 0 1 mo le ) o r 65 m l . of 
m e t h y l i o d i d e was added t o t h e s o l u t i o n . The r a t e o f a d d i t i o n was a d ­
j u s t e d t o keep t h e t e m p e r a t u r e below 35° ( a p p r o x i m a t e l y one d rop e v e r y 
15 s e c ) . The s o l u t i o n was a l l o w e d t o s t a n d s i x h o u r s t h e n t h e m e t h a n o l 
was removed a t r e d u c e d p r e s s u r e on a w a t e r b a t h . The r e s i d u e was t a k e n 
up i n 200 m l . of c h l o r o f o r m l e a v i n g b e h i n d a l a r g e q u a n t i t y of sodium 
i o d i d e . The c h l o r o f o r m s o l u t i o n was d r i e d o v e r anhydrous sodium s u l ­
f a t e i n t h e c o l d and d i s t i l l e d on Column No. 2 u n d e r vacuum. The p r o d u c t 
d i s t i l l e d a t 8 9 - 9 0 ° C . and 17-19 mm. The y i e l d was 37 p e r c e n t . 
I n s t r u m e n t a t i o n 
G a s - L i q u i d Chromatography I n s t r u m e n t s — A P e r k i n - E l m e r Vapor 
F r a c t o m e t e r , Model 154-D, was used,. The i n s t r u m e n t was a s t a n d a r d u n i t 
u s i n g packed columns . Helium was u sed a s t h e c a r r i e r g a s . The recom­
mended o p e r a t i n g p r o c e d u r e s were f o l l o w e d . 
G a s - L i q u i d Chromatography Columns—All columns u s e d were P e r k i n -
Elmer commerc ia l p r o d u c t s . The two packed columns' u s e d were made o f 
o n e - f o u r t h i n c h s t a i n l e s s s t e e l t u b i n g two m e t e r s i n l e n g t h . The word 
" p a c k e d " w i l l be o m i t t e d i n f u r t h e r r e f e r e n c e s t o t h e p a c k e d columns„ 
The columns u s e d were Column A, P e r k i n - E l m e r p a r t number A154-1013 , 
h a v i n g a l i q u i d p h a s e of d i i s o d e c y l p h t h a l a t e and Column K, P e r k i n -
2 8 . Mo H a r i n g , H e l v . Chim. A c t a , 4 2 , 1845 ( 1 9 5 9 ) . 
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Elmer p a r t number K154-1013 , h a v i n g a l i q u i d phase of p o l y e t h y l e n e 
g l y c o l . 
D i s t i l l a t i o n Columns—Four d i s t i l l a t i o n columns were usedo 
Column -No. 1 was a commerc ia l Todd Column w i t h a t a n t a l u m s p i r a l and a 
vacuum t a k e o f f h e a d . Column No. 2 was a Todd Column w i t h a 2 cm. d i ­
a m e t e r body packed w i t h g l a s s h e l i c e s . Column No. 3 was a 25 cm. d o u b l e 
j a c k e t e d column w i t h a 2 cm. body f i l l e d w i t h g l a s s h e l i c e s . Column No. 
4 was a Kontes G l a s s Company commerc ia l d i s t i l l i n g a p p a r a t u s No, K-
2 8 7 1 0 . 
T a b l e 1". B o i l i n g P o i n t s of Some Chemica l s Used 
Compound Observed Value L i t e r a t u r e Value 
o - C h l o r o p h e n o l 171-172° 176° (29 ) 
m - C h l o r o p h e n o l 212° 217° ( 2 9 ) 
o - C r e s o l 187-188° 191° ( 3 0 ) 
p - C r e s o l 192-193° 202° (30 ) 
3 - D i m e t h y l a m i n o e t h a n o l 131-132° 134° (31 ) 
I s o b u t y r a l d e h y d e 6 3 . 5 - 6 4 ° 6 3 . 5 ° ( 3 2 ) 
I s o b u t y r a l d e h y d e - 2 - d 6 3 . 5 - 6 4 ° 6 3 . 5 ° (32 ) 
I s o b u t y r a l d o l 72-75° 6 9 - 7 0 ° (26 ) 
( 3 - 5 mm.) (2 mm„) 
2 , 4 - L u t i d i n e 154° 1 5 8 . 4 ° (33 ) 
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T a b l e 1 . B o i l i n g P o i n t s o f Some Chemica l s Used ( C o n t i n u e d ) 
Compound Observed Va lue L i t e r a t u r e Value 
3 , 4 - L u t i d i n e 175° 1 7 9 . 1 ° ( 3 3 ) 
2 9 . C. M. J u d s o n and M. K i l p a t r i c k , J . Am. Chem. S o c , 7 1 , 3110 
( 1 9 4 9 ) . 
3 0 . R. R. D r e i s b a c h and S. A. S h r a d e r , I n d . Eng . Chem., 41 , . 2879 
(1949) . 
3 1 . R. D, C a d l e , B. J . Robson and R. W. M o s h i e r , J . Am. Chem. 
S o c , 71_, 2928 ( 1 9 4 9 ) . 
3 2 . D. I . Coomber and J . R. P a r t i n g t o n , J . Chem. S o c , 1 9 3 8 , 
1 4 4 4 . 
3 3 . E , A, C o u l s o n , J . D. Cox, E . F . G. H e r i n g t o n and J . F . 
M a r t i n , J . Chem. S o c , 1 9 5 9 , 1 9 3 4 . 
T a b l e 2 . B o i l i n g P o i n t s of Some Chemica l s Used 
Compound Observed Value L i t e r a t u r e Value 
2 , 6 - D i i s o p r o p y l - 5 , 100° 110-111° ( 2 6 ) 
5 - d i m e t h y l - 4 - m - d i o x a n o l ( 3 - 5 mm.) (8 mm.) 
N - M e t h y l i m i d a z o l e 91° 88° ( 2 8 ) 
( 1 7 - 1 8 mm.) ( 1 6 . 5 mm.) 
N-Methy lmorpho l ine 112° 116° (34 ) 
N - M e t h y l p i p e r i d i n e 105° 103-104° ( 3 5 ) 
N - M e t h y l p y r r o l i d i n e 79° 78-79° (35 ) 
48 
T a b l e 2 . B o i l i n g P o i n t s of Some Chemica l s Used ( C o n t i n u e d ) 
Compound Observed Value L i t e r a t u r e Value 
P h e n o l 173° 1 8 2 - 1 8 2 . 5 ° (29 ) 
4 - P i c o l i n e 143° 145° (36 ) 
N, N, N; N ' - P e t ramethy 1 - -
e t h y l e n e d i a m i n e 119° 1 1 9 . 5 ° (37 ) 
3 4 . D. D. Reynolds and W. 0 . Kenyon, J . Am. Chem. S o c , 7 2 , 1597 
(1950) . 
3 5 . S. S e a r l e s , M. Tamres , F . Block and L. A. Q u a r t e r m a n , J . Am. 
Chem. S o c , 78_, 4917 ( 1 9 5 6 ) . 
3 6 . D. P . B i d d i s c o m b e , E . A. C o u l s o n , R. Handley and E . F . G. 
H e r i n g t o n , J . Chem. S o c , 1 9 5 4 , 1 9 5 7 . 
3 7 . L . S p i a l t e r and R. W. B o s h i e r , J . Am. Chem. S o c , 7 9 , 5955 
( 1 9 5 7 ) . 
Tab le 3 . M e l t i n g P o i n t s of Some Chemica l s Used 
Compound Observed Value L i t e r a t u r e Value 
p - C h l o r o p h e n o l 43° 4 3 . 2 - 4 3 . 7 ° (29 ) 
m - N i t r o p h e n o l 9 8 - 9 9 ° 9 6 . 6 - 9 6 . 8 ° (29 ) 
p - N i t r o p h e n o l 113-114° 1 1 3 . 1 - 1 1 3 . 8 ° (29 ) 
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Tab l e 3 . M e l t i n g P o i n t s o f Some Chemica l s Used ( C o n t i n u e d ) 
Compound Observed Value L i t e r a t u r e Value 
P a r a i s o b u t y r a l d e h y d e 59° 6 1 - 6 2 ° ( 3 8 ) 
3 8 . R. Dworzak and J . P i e r r i , Monatsh . , 5 2 , 145 ( 1 9 2 9 ) . 
U l t r a v i o l e t M e a s u r e m e n t s - - A l l t h e u l t r a v i o l e t s p e c t r a were made ^ 
w i t h a Cary R e c o r d i n g S p e c t r o p h o t o m e t e r , Model 1 4 . The i n s t r u m e n t was 
o p e r a t e d a s d e s c r i b e d i n t h e o p e r a t i n g m a n u a l . A l l t h e s p e c t r a were 
made u s i n g d i s t i l l e d w a t e r as t h e s o l v e n t . A ma tched s e t of Beckman No. 
46007 q u a r t z one c e n t i m e t e r c e l l s was u s e d f o r a l l m e a s u r e m e n t s . D i s ­
t i l l e d w a t e r was u s e d i n t h e r e f e r e n c e c e l l i n a l l c a s e s . 
N u c l e a r Magne t i c Resonance Measurements—The n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r a were o b t a i n e d from a V a r i a n N u c l e a r M a g n e t i c Resonance 
S p e c t r o m e t e r , Model A - 6 0 , e q u i p p e d w i t h a v a r i a b l e t e m p e r a t u r e p r o b e . 
I n o r d e r t o o b t a i n a r e a s o n a b l e s i g n a l t o n o i s e r a t i o w i t h t h e d i l u t e 
s o l u t i o n s u s e d t h e r . f. f r e q u e n c y was s e t a t 0 . 06 t o 0 .10 u n i t s , t h e 
f i l t e r band w i d t h a t 0 .20 c . p . s . and t h e sweep t i m e was 250 s e c . When 
u s i n g aqueous s o l u t i o n s i n k i n e t i c s , t h e i n s t r u m e n t was z e r o e d w i t h an 
e x t e r n a l s t a n d a r d sample of t e t r a m e t h y l s i l a n e i n c h l o r o f o r m u n l e s s 
o t h e r w i s e i n d i c a t e d . The c h e m i c a l s h i f t s i n w a t e r were d e t e r m i n e d u s i n g 
an i n t e r n a l s t a n d a r d o f 3 - ( t r i m e t h y l s i l y l ) - l - p r o p a n e s u l f o n a t e . 
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C o n s t a n t T e m p e r a t u r e B a t h s - - A c o n s t a n t - t e i m p e r a t u r e w a t e r b a t h 
w i t h two s t i r r e r s was u s e d f o r a l l . e x t e n d e d s t u d i e s a t 3 5 ° . The b a t h 
was a commerc i a l i n s t r u m e n t , American I n s t r u m e n t Company No, T 5 2 - 4 2 8 , 
made of i n s u l a t e d s t a i n l e s s s t e e l and t h e r m o s t a t e d w i t h a H-B I n s t r u m e n t 
Company t h e r m o s t a t No. 7536 . No v a r i a t i o n i n t e m p e r a t u r e o f t h e b a t h 
was n o t i c e a b l e on a t h e r m o m e t e r g r a d u a t e d i n t e n t h s of a d e g r e e . The 
b a t h t e m p e r a t u r e was a d j u s t e d t o 35 .0 j ^ 0 . 2 ° u s i n g a -10 t o 100° t h e r ­
mometer w i t h 0 . 5 ° d i v i s i o n s c e r t i f i e d by t h e N a t i o n a l Bureau of S t a n d ­
a r d s . 
A S a r g e n t c o n s t a n t - t e m p e r a t u r e w a t e r b a t h was u s e d f o r t h e 6 0 . 0 ° 
s t u d i e s . No v a r i a t i o n i n t h e t e m p e r a t u r e of t h e b a t h was n o t i c e a b l e on 
a t h e r m o m e t e r g r a d u a t e d i n t e n t h s of a d e g r e e . The t e m p e r a t u r e was a d -
j u s t e d ^ t o 6 0 . 0 +_ 0 . 2 ° u s i n g t h e N a t i o n a l Bureau o f S t a n d a r d s c e r t i f i e d 
t h e r m o m e t e r . 
The s h o r t t e r m s t u d i e s — o n e t o f i v e h o u r s - - w e r e made u s i n g a one 
g a l l o n Dewar f l a s k w i t h a c o v e r . The t e m p e r a t u r e was checked e v e r y 30 
m i n u t e s and h e a t was s u p p l i e d by a d d i n g s m a l l amounts o f h o t w a t e r . The 
t e m p e r a t u r e was m a i n t a i n e d a t 35 .0 + _ 0 . 3 0 ° . Some v e r y s h o r t t e rm s t u d i e s 
were made w i t h o u t removing t h e n . m . r . sample t u b e from t h e p r o b e o f t h e 
s p e c t r o m e t e r . As d e s c r i b e d by t h e V a r i a n C o r p o r t i o n t h e magnet a round 
t h e p r o b e was m a i n t a i n e d a t a c o n s t a n t t e m p e r a t u r e . The t e m p e r a t u r e was 
35 .0 t o 3 6 . 0 ° . The t e m p e r a t u r e was c h e c k e d p e r i o d i c a l l y by u s i n g a 
s p e c i a l s l e n d e r t h e r m o m e t e r p r e p a r e d by t h e Brook lyn Thermometer Company. 
The t h e r m o m e t e r was p l a c e d i n a n . m . r . sample t u b e h a l f f i l l e d w i t h w a t e r 
and a l l o w e d t o s p i n as would be t h e c a s e d u r i n g a k i n e t i c s s t u d y . The 
t e m p e r a t u r e d i d n o t v a r y more t h a n two t e n t h s of a d e g r e e d u r i n g a g i v e n 
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p e r i o d o f t i m e . 
M e l t i n g P o i n t and B o i l i n g P o i n t D e t e r m i n a t i o n s — M e l t i n g p o i n t s 
were d e t e r m i n e d i n c a p i l l a r y t u b e s i n a c i r c u l a t i n g o i l b a t h . B o i l i n g 
p o i n t s were t a k e n a s t h e d i s t i l l a t i o n t e m p e r a t u r e o f t h e f r a c t i o n c o l ­
l e c t e d . A l l b o i l i n g p o i n t s and m e l t i n g p o i n t s r e p o r t e d h e r e i n a r e u n ­
c o r r e c t e d , 
pH Measuremen t s - -A Beckman 101900 R e s e a r c h pH m e t e r (115 v a ) was 
u s e d . . The i n s t r u m e n t was a s t a n d a r d u n i t . The r e a d o u t i s g r a d u a t e d i n 
i n c r e m e n t s of 0 .002 pH u n i t s . The i n s t r u m e n t h a s a r e l a t i v e a c c u r a c y 
of +_ 0 .0037 pH u n i t s . O p e r a t i o n of t h e i n s t r u m e n t was a c c o r d i n g t o 
s t a n d a r d p r o c e d u r e s . The pH s c a l e was c a l i b r a t e d a t a pH of 6 .86 u s i n g 
Beckman p a r t 22332 b u f f e r a t 2 5 ° . The measuremen t s were made on s o l u ­
t i o n s s t i r r e d w i t h a m a g n e t i c s t i r r e r . 
Q u a n t i t a t i v e N u c l e a r M a g n e t i c Resonance S p e c t r o m e t r y 
The method u s e d t o c a l c u l a t e t h e p e r c e n t exchange i n i s o b u t y r a l -
d e h y d e - 2 - d s o l u t i o n s i n w a t e r depended on t h e d i f f e r e n c e s i n t h e n u c l e a r 
m a g n e t i c r e s o n a n c e s p e c t r a of t h e s i x h y d r o g e n s on t h e two a l p h a m e t h y l 
g roups of i s o b u t y r a l d e h y d e and i s o b u t y r a l d e h y d e - 2 - d i n aqueous s o l u t i o n s 
The m e t h y l h y d r o g e n s o f i s o b u t y r a l d e h y d e - 2 - d a r e s p l i t by t h e a l p h a 
d e u t e r o n i n t o a t r i p l e t c e n t e r e d a t 8 .90x ( J = 1„0 c . p . s . ) . The m e t h y l 
h y d r o g e n s of t h e i s o b u t y r a l d e h y d e a r e s p l i t by t h e a l p h a p r o t o n i n t o a 
d o u b l e t c e n t e r e d a t 8 . 9 l x ( J = 6 . 6 4 c . p . s . ) . The s p e c t r u m of a m i x t u r e 
of t h e d e u t e r i u m and t h e p r o t i u m compounds c o n s i s t s of f i v e p e a k s c o r ­
r e s p o n d i n g t o t h e p e a k s men t ioned f o r e ach s p e c i e s i n t h e r e g i o n from 
100 c . p . s . t o 50 c . p . s . By examin ing a s e c t i o n of s p e c t r a from a p p r o x -
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i m a t e l y 100 c . p . s . t o 50 c . p . s . a l l t h e p e a k s a r e o b s e r v e d and enough 
of t h e b a s e l i n e i s o b s e r v e d t o measure t h e peak h e i g h t s . The peak h e i g h t s 
were measured w i t h a t r a n s p a r e n t r u l e r g r a d u a t e d t o 0 .10 cm. In o r d e r t o 
r e d u c e t h e measurement e r r o r t h e a m p l i t u d e of t h e i n s t r u m e n t was i n c r e a s e d 
as much as p o s s i b l e w i t h o u t c a u s i n g t h e t a l l e s t of t h e f i v e p e a k s t o run 
o f f of t h e c h a r t p a p e r . 
I s o b u t y r a l d e h y d e - 2 - d was a l l o w e d t o exchange i n w a t e r i n t h e k i ­
n e t i c s t u d i e s . An i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n , , u s u a l l y , 1 p e r c e n t by 
v o l u m e , was p r e p a r e d and p l a c e d i n a n u c l e a r m a g n e t i c r e s o n a n c e sample 
t u b e ( n . m . r . sample t u b e ) w i t h t h e c a t a l y s t t o be s t u d i e d . As t h e e x ­
change p r o c e e d e d t h e t r i p l e t due t o t h e i s o b u t y r a l d e h y d e - 2 - d d ropped and 
t h e d o u b l e t due t o t h e i s o b u t y r a l d e h y d e r o s e . To d e t e r m i n e t h e p e r c e n t 
exchange a s e r i e s of s y n t h e t i c m i x t u r e s of i s o b u t y r a l d e h y d e - 2 - d and i s o ­
b u t y r a l d e h y d e was p r e p a r e d and a s t a n d a r d c u r v e was p r e p a r e d by p l o t t i n g 
a f u n c t i o n of t h e peak h e i g h t s v e r s u s t h e p e r c e n t i s o b u t y r a l d e h y d e - 2 - d 
i n t h e known m i x t u r e s . The f u n c t i o n of t h e peak h e i g h t s chosen was t h e 
h e i g h t of t h e c e n t e r peak i n t h e i s o b u t y r a l d e h y d e - 2 - d t r i p l e t , D 2» 
d i v i d e d by t h e sum of t h e h e i g h t of t h e D 2 peak, and h e i g h t of t h e 68 c . 
p . s . peak i n t h e i s o b u t y r a l d e h y d e d o u b l e t , H-̂ -
T h i s p a r t i c u l a r f u n c t i o n was chosen t o remove some of t h e e r r o r 
t h a t o c c u r s due t o t h e i n s t a b i l i t y of t h e i n s t r u m e n t . I f t h e change i n 
one peak h e i g h t due t o i n s t r u m e n t i n s t a b i l i t y can be assumed t o be r e ­
f l e c t e d by an e q u a l d e g r e e of change i n t h e h e i g h t o f t h e o t h e r p e a k , 
t h e n i t can be r e a d i l y s e e n t h a t t h e e r r o r due t o t h i s change i n peak 
h e i g h t s c a n c e l s ou t i n t h e f u n c t i o n o f t h e peak h e i g h t s d e s c r i b e d . 
T h i s , of c o u r s e , i s on ly t r u e i f t h e i n s t r u m e n t i s s t a b l e d u r i n g t h e 
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t e n second i n t e r v a l ' n e c e s s a r y t o make t h e s p e c t r u m . The p l o t u 2 ^ 2 + ^ 1 
v e r s u s t h e p e r c e n t i s o b u t y r a l d e h y d e - 2 - d i s a s t r a i g h t l i n e . The d e g r e e 
of d e u t e r a t ' i o n of t h e i s o b u t y r a l d e h y d e was n o t t h e same i n e v e r y s y n t h e ­
s i s , b u t t h e s t a n d a r d c u r v e s h o u l d a lways have t h e same s l o p e and can 
be u s e d i n any c a s e ( 3 9 ) . T a b l e 23 c o n t a i n s t h e v a l u e s o b t a i n e d from 
t h e s y n t h e t i c m i x t u r e s u s e d t o p r e p a r e t h e s t a n d a r d c u r v e . To t e s t t h e 
v a l i d i t y o f t h e a s s u m p t i o n c o n c e r n i n g , t h e s t a b i l i t y of t h e i n s t r u m e n t , 
s e v e n i n d e p e n d e n t measurements were made on a m i x t u r e of i s o b u t y r a i d e . -
h y d e - 2 - d and i s o b u t y r a l d e h y d e and t h e c a l c u l a t e d v a l u e s of t h e e x t e n t 
of d e u t e r a t i o n were a l l w i t h i n +_ 0 .50 p e r c e n t of each o t h e r . 
In g e n e r a l a l l o f t h e s t u d i e s were made i n d i l u t e s o l u t i o n s of 
i s o b u t y r a l d e h y d e . In o b t a i n i n g t h e peak h e i g h t s d e s i r e d t h e n o i s e l e v e l 
became v e r y h i g h . The t e c h n i q u e s Used t o a i d i n ove rcoming t h i s p rob lem 
were d e s c r i b e d i n t h e s e c t i o n on n u c l e a r m a g n e t i c r e s o n a n c e m e a s u r e m e n t s . 
T h i s c o m b i n a t i o n of a d j u s t m e n t s on t h e i n s t r u m e n t t e n d s t o smooth ou t t h e 
s p e c t r a more t h a n i n t h e o r d i n a r y h i g h r e s o l u t i o n s e t t i n g s , b u t does n o t 
d e t r a c t from t h e a c c u r a c y of t h e m e a s u r e m e n t s . U n l e s s o t h e r w i s e i n d i ­
c a t e d a l l t h e k i n e t i c measuremen t s were made u s i n g t h e t e c h n i q u e s d e ­
s c r i b e d h e r e f o r d e t e r m i n a t i o n of t h e p e r c e n t o f i s o b u t y r a l d e h y d e - 2 - d 
i n a g i v e n e x c h a n g i n g m i x t u r e . 
A l d o l i z a t i o n E q u i l i b r i u m C o n s t a n t D e t e r m i n a t i o n 
I n o r d e r t o o b t a i n t h e e q u i l i b r i u m c o n s t a n t f o r t h e r e a c t i o n 
3 9 . J . H i n e , N. W. B u r s k e , M. H i n e , and P . B . L a n g f o r d , J . Am. 
Chem. S o c , 7 9 , 1406 ( 1 9 5 7 ) . 
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2 IBA t ( I B A ) 2 
i t was d e s i r a b l e t o o b t a i n a s a t u r a t e d s o l u t i o n of t h e a l d o l i z a t i o n 
e q u i l i b r i u m m i x t u r e i n w a t e r . A 0 .293 M_ i s o b u t y r a l d e h y d e s o l u t i o n t h a t 
was 0 .0097 M i n sodium h y d r o x i d e was p r e p a r e d by a d d i n g t h r e e m l . of 
0 .197 M_ sodium h y d r o x i d e t o 50 m l . of 0 . 3 1 1 M i s o b u t y r a l d e h y d e t h a t 
was 0 .0026 M_in i s o b u t y r i c a c i d . The s o l u t i o n began t o c l o u d and form 
a s e p a r a t e l a y e r a f t e r a p p r o x i m a t e l y 30 m i n . The n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r u m i n d i c a t e d t h a t t h e o r g a n i c l a y e r was l a r g e l y 2 , 6 -
d i i s o p r o p y l - 5 , 5 - d i m e t h y l - 4 - m j - d i o x a n o l which i s v e r y i n s o l u b l e i n w a t e r . 
S i n c e i s o b u t y r a l d o l i s a p r e c u r s o r t o t h e d i o x a n o l , t h e o r g a n i c l a y e r 
must c o n t a i n a t l e a s t t h e e q u i l i b r i u m c o n c e n t r a t i o n s of i s o b u t y r a l d e h y d e 
and i s o b u t y r a l d o l . At e q u i l i b r i u m t h e aqueous p h a s e must c o n t a i n t h e 
same t h r e e components a t t h e same the rmodynamic a c t i v i t i e s . T h i s s o l u ­
t i o n was a l l o w e d t o s t a n d f o r a p p r o x i m a t e l y one h o u r a t room t e m p e r a t u r e , 
25 +_2° . Dur ing t h i s t ime t h e s o l u t i o n became c l o u d y . A 10 ml . a l i q u o t 
was removed and n e u t r a l i z e d w i t h 0 .070 m l . of 1.89 M_ a c e t i c a c i d . The 
r e s u l t a n t s o l u t i o n was c e n t r i f u g e d for f i v e m i n u t e s and i t s e p a r a t e d i n t o 
a t h i n l a y e r of o r g a n i c m a t e r i a l f l o a t i n g on t o p and a l o w e r c l e a r a q u e ­
ous p h a s e . The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a i n d i c a t e d no t r i m e r 
i n t h e aqueous p h a s e . A sample of t h e p re sumab ly s a t u r a t e d aqueous p h a s e 
was d i l u t e d w i t h an e q u a l volume of w a t e r and t h e n u c l e a r m a g n e t i c r e s o ­
nance and u l t r a v i o l e t s p e c t r a o b t a i n e d . The a b s o r b a n c e a t t h e 285 my 
peak was 1 . 4 4 0 . From n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a t h e r a t i o of 
t h e c o n c e n t r a t i o n s o f i s o b u t y r a l d e h y d e t o t h a t of i s o b u t y r a l d o l can be 
55 
d e t e r m i n e d from t h e a r e a o f t h e 6 8 , 1 c . p . s . peak o f i s o b u t y r a l d e h y d e and 
t h e 6 3 . 1 c . p . s . peak of i s o b u t y r a l d o l . 
The a r e a o f each peak can be a p p r o x i m a t e d by t h e p r o d u c t of t h e 
w id th a t h a l f h e i g h t and t h e h e i g h t . For t h e i s o b u t y r a l d e h y d e 6 8 d c c p . s 
s i g n a l t h e h a l f w i d t h i s 1.00 cm. and t h e h e i g h t i s 19 .45 cm. For t h e i s 
b u t y r a l d o l 6 3 . 1 c . p . s . peak t h e w i d t h a t h a l f h e i g h t i s 0 . 7 5 cm. and t h e 
h e i g h t of t h e peak i s 3 .9 cm. S y n t h e t i c a l l y p r e p a r e d m i x t u r e s o f i s o ­
b u t y r a l d e h y d e and i s o b u t y r a l d o l had t h e same s p e c t r a l p e a k s as t h e r e a c ­
t i o n m i x t u r e . 
A c t u a l and Apparen t E x t i n c t i o n C o e f f i c i e n t s 
of I s o b u t y r a l d o l and I s o b u t y r a l d e h y d e 
The a p p a r e n t and a c t u a l e x t i n c t i o n c o e f f i c i e n t s f o r i s o b u t y r a l d e ­
hyde a t 285 my were o b t a i n e d by p r e p a r i n g an 0 .1179 M i s o b u t y r a l d e h y d e 
s o l u t i o n i n w a t e r and examin ing t h e u l t r a v i o l e t s p e c t r a a t 285 mu. The 
a b s o r b a n c e a t 285 my f o r t h i s s o l u t i o n was 1.465 t h e a p p a r e n t e x t i n c t i o n 
c o e f f i c i e n t i s , t h e n , 1 2 . 4 3 b u t from an a n a l y s i s o f t h e n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r u m o f aqueous i s o b u t y r a l d e h y d e i t i s known t h a t p a r t of 
t h e i s o b u t y r a l d e h y d e i s h y d r a t e , which w i l l n o t a b s o r b i n t h e u l t r a ­
v i o l e t a t 285 my. The e q u i l i b r i u m c o n s t a n t f o r t h e h y d r a t i o n o f i s o ­
b u t y r a l d e h y d e a t 25° C. i s 0 . 6 0 4 . The c o n c e n t r a t i o n of f r e e i s o b u t y r a l d e 
hyde (x ) may t h e r e f o r e be c a l c u l a t e d from t h e f o l l o w i n g e q u a t i o n 
I B A Q H 2 ( 0 . 1 1 7 9 - x) 
K " IBA " x 
The v a l u e o b t a i n e d i s 0 .0819 M and t h e a c t u a l e x t i n c t i o n c o e f f i c i e n t i s 
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1 9 . 9 3 . 
The n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m of aqueous i s o b u t y r a l d o l 
does n o t i n d i c a t e t h e p r e s e n c e o f a h y d r a t e . The e x t i n c t i o n c o e f f i c i e n t 
of i s o b u t y r a l d o l a t i t s 285 my maximum was o b t a i n e d from t h e e x a m i n a t i o n 
of 0 .07806 M_ and 0 .03903 M_ i s o b u t y r a l d o l s o l u t i o n s i n one c e n t i m e t e r 
c e l l s . 
T a b l e 4 . I s o b u t y r a l d o l E x t i n c t i o n C o e f f i c i e n t 
C o n c e n t r a t i o n Adsorbance e 
1.930 2 4 3 7 2 
0 .970 2 4 , 8 5 
Average 2 4 , 7 8 
A c i d i t y of I s o b u t y r a l d e h y d e Hydra te , 
When i s o b u t y r a l d e h y d e i s i n aqueous s o l u t i o n a new d o u b l e t a p p e a r s 
s h i f t e d 1 1 . 5 cps u p f i e l d from t h e d o u b l e t due t o t h e m e t h y l h y d r o g e n s of 
t h e a l d e h y d e . T h i s d o u b l e t i s due t o t h e h y d r a t e . In o r d e r t o l e a r n t h e 
e x t e n t t o which t h i s h y d r a t e migh t n e u t r a l i z e b a s i c c a t a l y s t s , i t was 
n e c e s s a r y t o d e t e r m i n e i t s a c i d d i s s o c i a t i o n c o n s t a n t . 
The a c i d i t y of i s o b u t y r a l d e h y d e h y d r a t e was d e t e r m i n e d by examin ing 
t h e u l t r a v i o l e t s p e c t r u m of an aqueous i s o b u t y r a l d e h y d e s o l u t i o n c o n t a i n ­
i n g h y d r o x i d e i o n . I s o b u t y r a l d e h y d e h a s an u l t r a v i o l e t s p e c t r u m w i t h a 
peak a t 285 my w i t h an a p p a r e n t e x t i n c t i o n c o e f f i c i e n t of 1 2 . 4 3 . A 0 .236 
0 .07803 
0 . 0 3 9 0 3 
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M s o l u t i o n o f i s o b u t y r a l d e h y d e p r e p a r e d unde r n i t r o g e n was u s e d f o r t h e s e 
s t u d i e s . The s o l u t i o n was 0 .0046 M i n i s o b u t y r i c a c i d . To d e t e r m i n e t h e 
o p t i c a l d e n s i t y of t h e 0 .236 M i s o b u t y r a l d e h y d e s o l u t i o n , one m l . of t h e 
s o l u t i o n and one m l . o f d i s t i l l e d w a t e r , w a s p l a c e d i n t o a one c e n t i m e t e r 
c e l l and t h e s p e c t r u m e x a m i n e d . . 
To d e t e r m i n e t h e amount o f i s o b u t y r a l d e h y d e t h a t had been c o n v e r t e d 
t o t h e a n i o n of t h e h y d r a t e , a , m a t c h e d one c e n t i m e t e r c e l l was f l u s h e d 
w i t h n i t r o g e n and one ml . of 0 .2358 M i s o b u t y r a l d e h y d e s o l u t i o n and 1.0 
m l . of t h e 0 .1974 M sodium h y d r o x i d e s o l u t i o n i n j e c t e d i n t o t h e c e l l s and 
shaken v i g o r o u s l y . The o p t i c a l d e n s i t y of t h e 285 my peak o f i s o b u t y r a l * 
dehyde was d e t e r m i n e d . The a b s o r b a n c e i n a one c e n t i m e t e r c e l l o f t h e 
s o l u t i o n of 0 .1179 M i s o b u t y r a l d e h y d e and 0 .0987 M sodium h y d r o x i d e was 
1.385 and t h e a b s o r b a n c e o f t h e 0 .1179 M i s o b u t y r a l d e h y d e was 1.465 The 
r e s u l t s of t h i s s t u d y a r e d i s c u s s e d i n t h e s e c t i o n on t h e a c i d i t y of t h e 
h y d r a t e i n C h a p t e r I I I . 
Hydrox ide Ion C a t a l y z e d Ra te o f Deu te r ium Exchange 
To d e t e r m i n e t h e s p e c i f i c r a t e c o n s t a n t f o r t h e h y d r o x i d e i o n 
c a t a l y z e d exchange o f i s o b u t y r a l d e h y d e , t h e q u e n c h i n g t e c h n i q u e as 
d e s c r i b e d i n t h e g e n e r a l k i n e t i c s s e c t i o n was u s e d . 
Expe r imen t No. 1 . To 10 m l . of 2 p e r c e n t i s o b u t y r a l d e h y d e - 2 - d 
p r e p a r e d by i n j e c t i n g 0 .20 ml . o f i s o b u t y r a l d e h y d e - 2 - d i n t o 9 .80 m l . of 
d i s t i l l e d w a t e r c o v e r e d w i t h n i t r o g e n was added t o 0 . 1 5 ml . o f 0 . 9 7 3 M 
sodium h y d r o x i d e a t z e r o t i m e . The w a t e r had been t h e r m a l l y e q u i l i b r a t e d 
p r e v i o u s l y i n a 35° C. c o n s t a n t - t e m p e r a t u r e b a t h . The r e a c t i o n v e s s e l 
was a 25 m l . g round g l a s s f l a s k . Every t i m e a sample was removed t h e 
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t o p of t h e f l a s k was swept w i t h n i t r o g e n . The r e s u l t s of t h i s e x p e r i ­
ment a r e i n Tab l e 2 4 . 
Exper imen t No. 2 . T h i s e x p e r i m e n t r un e x a c t l y a s E x p e r i m e n t No. 
1 e x c e p t 0 .20 m l . of 0 . 9 7 3 M_sodium h y d r o x i d e was u s e d . The r e s u l t s 
a r e i n Tab l e 2 5 . 
Expe r imen t No. 3 . An a t t e m p t was made t o f o l l o w t h e exchange 
w i t h o u t q u e n c h i n g t h e b a s e . One m i l l i l i t e r of 2 p e r c e n t i s o b u t y r a l d e -
h y d e - 2 - d s o l u t i o n was i n j e c t e d i n t o a n i t r o g e n - f i l l e d n . m . r . sample 
t u b e . At z e r o t i m e 0 .035 m l . of 0 . 9 7 3 M sodium h y d r o x i d e was i n j e c t e d 
i n t o t h e n . m . r . sample t u b e . The s p e c t r u m was b l u r r e d b u t rough d a t a 
were o b t a i n e d . A sample of t h e 2 p e r c e n t i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n 
was t i t r a t e d w i t h sodium h y d r o x i d e a s i t was i m p o s s i b l e t o remove t h e 
exchange m i x t u r e from t h e n . m . r . sample t u b e e a s i l y . The r e s u l t s a r e 
r e c o r d e d i n T a b l e 2 6 . 
Hydrogen Ion C a t a l y z e d Exchange of I s o b u t y r a l d e h y d e - 2 - d 
In o r d e r t o d e t e r m i n e t h e r a t e c o n s t a n t f o r t h e hydrogen i o n 
c a t a l y z e d exchange o f i s o b u t y r a l d e h y d e - 2 - d , 0 .50 m l . of 1.696 ^ p e r ­
c h l o r i c a c i d was added t o one m i l l i l i t e r of i s o b u t y r a l d e h y d e - 2 - d 
s o l u t i o n i n a n i t r o g e n - f i l l e d n . m . r . sample t u b e . The k i n e t i c s were 
s t u d i e d by examin ing t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r u m of t h e 
s o l u t i o n from t i m e t o t i m e . 
I n a c i d c o n c e n t r a t i o n s of t h e s t r e n g t h u s e d i n t h i s s t u d y t h e 
p e a k s due t o t h e i s o b u t y r a l d e h y d e and t h e h y d r a t e a r e f u s e d ; b e c a u s e of 
t h e r a p i d c h e m i c a l exchange t h e i n s t r u m e n t canno t d e t e r m i n e which e n v i r o n ­
ment t h e p r o t o n i s a p a r t o f a t any t i m e . I n s t e a d of h a v i n g a d o u b l e t 
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a t 8 . 9 1 T f o r t h e i s o b u t y r a l d e h y d e and a n o t h e r d o u b l e t a t 9 . 0 7 T f o r t h e 
h y d r a t e t h e r e i s on ly one d o u b l e t a t 8 , 9 7 T w i t h J = 6 ,9 c . p . s . In t h e 
c a s e o f t h e - i s o b u t y r a l d e h y d e - 2 - d t h e r e i s o n l y one t r i p l e t a t 8 . 9 8 T 
w i t h J = 1.00 c p . s . To o b t a i n t h e peak h e i g h t s due t o t h e a l d e h y d e 
t h e f u s e d peak h e i g h t w o u l d , h a v e t o be m u l t i p l i e d by t h e p e r c e n t f r e e 
a l d e h y d e i n an aqueous s o l u t i o n b u t i n t h e k i n e t i c p l o t t h i s t e r m w i l l 
c a n c e l o u t . The r e s u l t s a r e i n T a b l e 2 7 , 
K i n e t i c s o f D e a l d o l i z a t i o n o f I s o b u t y r a l d o l 
Two d i f f e r e n t t e c h n i q u e s were used t o d e t e r m i n e t h e h y d r o x i d e -
c a t a l y z e d r a t e o f d e a l d o l i z a t i o n of i s o b u t y r a l d o l . A s o l u t i o n of i s o ­
b u t y r a l d o l was p r e p a r e d by w e i g h i n g i s o b u t y r a l d o l i n t o a V o l u m e t r i c 
f l a s k and d i l u t i n g w i t h d i s t i l l e d w a t e r . At z e r o t i m e , 0 . 0 8 m l . of 
0 .0197 M sodium h y d r o x i d e was added t o 0 .90 m l . o f 0 .0636 M i s o b u t y ­
r a l d o l . The i s o b u t y r a l d o l s o l u t i o n was t i t r a t e d b e f o r e t h e s t u d y was 
made and found t o be 0 . 0 0 1 3 M_ i n a c i d . P l o t s of t h e k i n e t i c s gave 
cu rved l i n e s and a t t h e end o f t h e s t u d y a sample o f t h e exchange s o l u ­
t i o n t u r n e d y e l l o w on a d d i t i o n of a d rop o f bromothymol b l u e . S l i g h t 
o x i d a t i o n o f t h e a l d e h y d e would n e u t r a l i z e t h e b a s e and e x p l a i n t h e 
d i f f i c u l t y . 
In o r d e r t o o b t a i n a c o n s t a n t h y d r o x i d e i o n c o n c e n t r a t i o n i n s p i t e 
of t h e s l i g h t o x i d a t i o n , a b u f f e r of t r i e t h y l e n e d i a m i n e was u s e d . West -
h e i m e r and Cohen ( 2 ) found t h a t t e r t i a r y amines do n o t c a t a l y z e t h e 
d e a l d o l i z a t i o n o f d i a c e t o n e a l c o h o l . I n E x p e r i m e n t 1 , 0 .25 m l . of a buf ­
f e r of 0 .120 M _ t r i e t h y l e n e d i a m i n e and 0 .0194 M_ t r i e t h y l e n e d i a m i n e mono-
h y d r o p e r c h l o r a t e was added t o 0 .50 m l . o f 0 .0636 M i s o b u t y r a l d o l . The 
L_ 
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a l d o l s o l u t i o n was 0 . 0 0 1 3 M_ i n a c i d . ' In Exper imen t 2 , 0 . 2 5 ml„ o f a 
b u f f e r of 0 .0716 M_ t r i ethylene d i amine and 0 .0445 M_ t r i e t h y l e n e d i a m i n e 
m o n o h y d r o p e r c h l o r a t e was added t o 0 .50 m l . o f 0 ,,0794 M_ i s o b u t y r a l d o l . 
The a l d o l s o l u t i o n was 0 .00158 M_ i n a c i d . The s o l u t i o n s were added 
t o g e t h e r i n a n i t r o g e n - f i l l e d n . m . r . sample t u b e and s h a k e n . The k i ­
n e t i c s gave l i n e a r p l o t s f o r t h e b u f f e r e d d e a l d o l i z a t i o n . T a b l e 5 i s 
a t a b u l a t i o n o f t h e t h r e e b u f f e r s u s e d and c o n c e n t r a t i o n s o f t h e v a r i o u s 
componen t s . F i g u r e 1 i s a k i n e t i c p l o t of E x p e r i m e n t No. 2 . 
Tab le 5 . C o n c e n t r a t i o n s Used i n D e a l d o l i z a t i o n K i n e t i c S t u d i e s 
Component 
C o n c e n t r a t i o n s i n Moles p e r L i t e r 
E x p e r i m e n t Number 
T r i e t h y l e n e d i a m i n e 
T r i e t h y l e n e d i a m i n e 
M o n o h y d r o p e r c h l o r a t e 
T r i m e t h y l a m i n e 
Trimethylammonium P e r c h l o r a t e 
Acid 













The r e s u l t s a r e t a b u l a t e d i n T a b l e s 2 8 , 29 and 3 0 . 
One s t u d y (Expe r imen t No. 3) was made u s i n g a d i f f e r e n t b u f f e r 
0 .0278 M _ t r i m e t h y l a m i n e — 0 . 0 1 8 0 M_ t r ime thy lammonium p e r c h l o r a t e . In a 
n i t r o g e n - f i l l e d m . n . r . t u b e 0 .50 m l . of 0 .0794 M i s o b u t y r a l d o l was i n ­
j e c t e d i n t o 0 . 2 5 m l . of t h e t r i m e t h y l a m i n e — t r i m e t h y l a m m o n i u m p e r c h l o r a t e 
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100 200 300 
Time ( M i n u t e s ) 
F i g u r e 1 . K i n e t i c P l o t o f t h e D e a l d o l i z a t i o n o f I s o b u t y r a l d o l by 0 ,0229 
M T r i e t h y l e n e d i a m i n e — 0 . 0 1 5 8 M T r i e t h y l e n e d i a m i n e Monohydro-
p e r c h l o r a t e 
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b u f f e r . The i s o b u t y r a l d o l s o l u t i o n was 1 .58 x 10 M_ i n a c i d . 
A c i d i t y of t h e I s o b u t y r a l d e h y d e S o l u t i o n s 
To d e t e r m i n e t h e amount of o x i d a t i o n of t h e i s o b u t y r a l d e h y d e 
d u r i n g t h e h a n d l i n g , i t was n e c e s s a r y t o t i t r a t e s a m p l e s of t h e i s o ­
b u t y r a l d e h y d e s o l u t i o n t h a t was u s e d q u i t e f r e q u e n t l y * I t was n e c e s s a r y 
t o u s e a t e c h n i q u e t h a t was r a p i d . The i n d i c a t o r u s e d was bromothymol 
b l u e , which h a s an i n d i c a t o r r a n g e of pH 6 . 0 t o 7 .6 (M-0) . I s o b u t y r i c 
- 5 
a c i d h a s an i o n i z a t i o n c o n s t a n t of 1.76 x 10 a t 25° C. ( 4 1 ) . 
The t e c h n i q u e u s e d was t o remove 0 .50 m l . s a m p l e s of t h e p r e p a r e d 
i s o b u t y r a l d e h y d e s o l u t i o n s a t v a r i o u s t i m e s d u r i n g a k i n e t i c s s t u d y and 
i n j e c t t h e sample i n t o a capped two m i l l i l i t e r v i a l c o n t a i n i n g 0 .50 m l . 
d i s t i l l e d w a t e r and t h r e e d r o p s of bromothymol b l u e i n d i c a t o r . The cap 
had s e v e r a l s m a l l h o l e s j u s t l a r g e enough t o a l l o w a n e e d l e t o be i n ­
s e r t e d t h r o u g h i n i t . To t i t r a t e , a 1.00 m l . s y r i n g e was f i l l e d w i t h 
sodium h y d r o x i d e s o l u t i o n and u s e d t o measu re t h e b a s e a d d e d . The end 
p o i n t was c o n s i d e r e d t o be t h e g r e e n c o l o r be tween t h e y e l l o w a c i d c o l o r 
and t h e deep b l u e b a s e c o l o r o f t h e i n d i c a t o r . The t i t r a t i o n s were 
a lways made i n d u p l i c a t e . 
K i n e t i c S t u d i e s 
The k i n e t i c e x p e r i m e n t s were c o n d u c t e d u s i n g one o f t h r e e t e c h -
4 0 . J . F . Masi and S . B . K n i g h t , J . Am. Chem. S o c , 6 7 , 1558 
(1945) . 
4 1 . D. H. E v e r e t t , D. A. Landsman and B . R. P i n s e r t , P r o c . 
Roy. S o c . ( L o n d o n ) , A215, 403 ( 1 9 5 2 ) . 
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n i q u e s . Each of t h e s e t e c h n i q u e s was r e q u i r e d t o overcome a s p e c i f i c 
p r o b l e m . 
Quenching Techn ique 
Under exchange c o n d i t i o n s i n which t h e h y d r o x y l i o n c o n c e n t r a t i o n 
e x c e e d e d 0 ,003 M_ t h e r a t e o f h y d r a t i o n and d e h y d r a t i o n of i s o b u t y r a l d e ­
hyde was so r a p i d t h a t t h e i n s t r u m e n t can o n l y show an a v e r a g e o f t h e 
p e a k s of t h e h y d r a t e and i s o b u t y r a l d e h y d e . In t h e i n t e r m e d i a t e c a s e s 
( 0 . 0 0 0 1 t o 0 . 0 0 3 M) t h e p e a k s b l u r i n t o a j umbled m e s s . 
In c a s e s l i k e t h i s i t i s n e c e s s a r y t o n e u t r a l i z e t h e b a s e w i t h a 
weak a c i d t h a t does n o t c a t a l y z e t h e exchange e f f i c i e n t l y . E x p e r i m e n t s 
i n d i c a t e d t h a t a c e t a t e i o n and a c e t i c a c i d a r e p o o r exchange c a t a l y s t s . 
G e n e r a l l y t h e p r o c e d u r e t h e n c o n s i s t e d o f p r e p a r i n g 10 m l , of a 0 . 2 M_ 
i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n i n w a t e r . To do t h i s 9 . 8 m l . o f w a t e r and 
0 .20 m l . of i s o b u t y r a l d e h y d e - 2 - d were added and a l l o w e d t o e q u i l i b r a t e i n 
t h e 35° c o n s t a n t - t e m p e r a t u r e b a t h . An i n v e r t e d f u n n e l was p l a c e d s o 
n i t r o g e n c o u l d sweep o v e r t h e t o p of t h e f l a s k on o p e n i n g . To t h i s m i x ­
t u r e a t z e r o t i m e t h e c a t a l y s t was a d d e d , u s u a l l y l e s s t h a n 0 ,50 m l . At 
r e g u l a r i n t e r v a l s , u s u a l l y 10 m i n . , a 0 .50 m l . sample o f t h e exchange 
m i x t u r e was removed w i t h a 1,00 m l . s y r i n g e . T h i s sample was r a p i d l y i n ­
j e c t e d i n t o an n , m . r . sample t u b e c o n t a i n i n g a t l e a s t 10 p e r c e n t more 
t h a n enough c o n c e n t r a t e d a c e t i c a c i d ( 0 . 0 5 m l . ) t o n e u t r a l i z e t h e b a s e . 
These s a m p l e s c o u l d s t a n d f o r s e v e r a l h o u r s w i t h o u t n o t i c e a b l e changes 
i n t h e p e r c e n t of i s o b u t y r a l d e h y d e - 2 - d . The p e r c e n t i s o b u t y r a l d e h y d e -
2-d was t h e n d e t e r m i n e d a s p r e v i o u s l y d e s c r i b e d . At v a r i o u s t i m e s d u r i n g 
t h e s t u d y , u s u a l l y a t t h e b e g i n n i n g , i n t h e m i d d l e , and a t t h e end of t h e 
e x p e r i m e n t , 0 . 50 m l . s amp le s o f t h e exchange m i x t u r e were removed and 
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t i t r a t e d t o d e t e r m i n e t h e d e g r e e o f o x i d a t i o n ; . 
G e n e r a l Techn ique 
For weaker b a s e s t h e s p e c t r u m of i s o b u t y r a l d e h y d e - 2 - d was very-
c l e a r w i t h o u t n e u t r a l i z i n g t h e b a s e . An n . m . r . sample t u b e was f l u s h e d 
w i t h n i t r o g e n and t h e n 0 .50 m l . o f 0 .20 M i s o b u t y r a l d e h y d e was i n j e c t e d 
i n t o t h e n . m . r . sample t u b e . S e v e r a l of t h e i s o b u t y r a l d e h y d e - 2 - d 
f i l l e d t u b e s were a l l o w e d t o e q u i l i b r a t e i n t h e one g a l l o n Dewar f l a s k 
i n t h e N u c l e a r Magne t i c Resonance I n s t r u m e n t room. At z e r o t i m e 0 . 2 5 
m l . o f t h e c a t a l y s t , u s u a l l y a s a b u f f e r , was i n j e c t e d i n t o t h e i s o -
b u t y r a l d e h y d e - 2 - d s o l u t i o n and s h a k e n v i g o r o u s l y f o r a m i n u t e . At 
v a r i o u s t i m e s t h e n . m . r . sample t u b e s were removed from t h e Dewar f l a s k 
and p l a c e d i n t h e n u c l e a r m a g n e t i c r e s o n a n c e p r o b e t o d e t e r m i n e t h e p e r 
c e n t i s o b u t y r a l d e h y d e - 2 - d a t t h a t t i m e . In t h i s way s e v e r a l d i f f e r e n t 
c a t a l y s t s c o u l d be s t u d i e d a t one t i m e . I f t h e exchange was v e r y r a p i d 
t h e n . m . r . s ample t u b e c o u l d r ema in i n t h e p r o b e u n t i l c o m p l e t i o n of 
r e a c t i o n s i n c e t h e t e m p e r a t u r e o f t h e p r o b e was t h a t of t h e c o n s t a n t -
t e m p e r a t u r e b a t h . 
Slow R e a c t i o n Techn ique 
In some c a s e s t h e exchange was v e r y s low and t h e s o l u b i l i t y of 
t h e c a t a l y s t l ow. To o b t a i n t h e most c o n c e n t r a t e d exchange m i x t u r e t h e 
f o l l o w i n g p r o c e d u r e was u s e d . An a l m o s t s a t u r a t e d s o l u t i o n of c a t a l y s t 
was p r e p a r e d and 1.00 m l . was s y r i n g e d i n t o t h e n i t r o g e n - f i l l e d n . m . r . 
sample t u b e . To t h i s 0 .05 m l . of p u r e i s o b u t y r a l d e h y d e - 2 - d was added 
and t h e m i x t u r e s h a k e n . The a l d e h y d e c o n c e n t r a t i o n i s abou t t h e same 
as b e f o r e , b u t t h e c a t a l y s t i s n o t d i l u t e d v e r y much. The amount of 
i s o b u t y r i c a c i d i n t h e i s o b u t y r a l d e h y d e - 2 - d was d e t e r m i n e d by p r e p a r i n g 
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a 0 . 3 M i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n and t i t r a t i n g a 1.00 m l . sample 
w i t h sodium h y d r o x i d e „ 
A l l t h e b u f f e r s u s e d i n t h e f o l l o w i n g s t u d i e s were p r e p a r e d by 
w e i g h i n g t h e amine o r p h e n o l i n t o a v o l u m e t r i c f l a s k f i l l e d w i t h n i t r o ­
gen and t h e n p i p e t t i n g t h e a c i d o r b a s e i n t o t h e f l a s k . The m i x t u r e 
was t h e n d i l u t e d t o t h e mark of t h e v o l u m e t r i c f l a s k . I n c a s e s where 
h e a t was e v o l v e d t h e m i x t u r e was a l l o w e d t o cool, b e f o r e a d d i n g t h e 
w a t e r . U n l e s s o t h e r w i s e i n d i c a t e d t h e k i n e t i c s were s t u d i e d u s i n g t h e 
g e n e r a l t e c h n i q u e i n d i c a t e d p r e v i o u s l y . A l l t h e s t u d i e s were done a t 
35° + 0 .2 ° . 
T r i e t h y l a m i n e C a t a l y s i s . Us ing t h e q u e n c h i n g t e c h n i q u e , k i n e t i c s 
of the> exchange of i s o b u t y r a l d e h y d e - 2 - d w i t h t r i e t h y l a m i n e — t r i e t h y l a m -
monium p e r c h l o r a t e b u f f e r was s t u d i e d . In a 25 m l . g l a s s - s t o p p e r e d 
f l a s k a t z e r o t i m e 5 .0 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n and 2 .50 
m l . of a b u f f e r composed of 0 .0563 M t r i e t h y l a m i n e and 0 .106 M _ t r i -
ethylammonium p e r c h l o r a t e were m i x e d . The a l d e h y d e s o l u t i o n was 0 .0078 
M_ i n i s o b u t y r i c a c i d . A l s o 0 .025 m l . o f t e r t - b u t y l a l c o h o l was a d d e d . 
The f i n a l s o l u t i o n was 0 .0136 M_ i n t r i e t h y l a m i n e and 0 .040 M i n t r i -
ethylammonium i o n . 
The t_ -bu ty l a l c o h o l was added as an i n t e r n a l r e f e r e n c e a t 73 .5 
c . p . s . i n w a t e r . The m e t h y l h y d r o g e n s i n t r i e t h y l a m m o n i u m i o n a r e i n ­
c l u d e d i n t h e 68 c . p . s . peak due t o i s o b u t y r a l d e h y d e . D u r i n g t h e r e a c ­
t i o n t h e r a t i o o f t h e a r e a s o f t h e t - b u t y l a l c o h o l peak and t h e t r i ­
ethylammonium i o n peak s h o u l d r ema in c o n s t a n t . By d e t e r m i n i n g t h e r a t i o 
a t z e r o t i m e b e f o r e t h e p o r t i o n o f t h e 68 c . p . s . peak due t o t h e i s o ­
b u t y r a l d e h y d e a p p e a r s , i t i s p o s s i b l e t o c a l c u l a t e t h e c o n t r i b u t i o n of 
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t h e t r i e t h y l a m m o n i u m i o n t o t h e 68 c . p . s . peak a t any t i m e d u r i n g t h e 
s t u d y , by knowing t h e h e i g h t of t h e r e f e r e n c e p e a k , t _ - b u t y l a l c o h o l . 
When t h e t r i e t h y l a m m o n i u m i o n c o n t r i b u t i o n i s s u b t r a c t e d from t h e t o t a l 
p e a k , t h e r e m a i n d e r i s t h e i s o b u t y r a l d e h y d e 68 c . p . s . peak and t h e 
k i n e t i c s c a l c u l a t i o n s can be made as u s u a l . The r e s u l t s a r e i n T a b l e 
3 1 . 
T r i m e t h y l a m i n e C a t a l y s i s . The k i n e t i c s of t h e t r i m e t h y l a m i n e 
c a t a l y z e d exchange were c o m p l i c a t e d i n t h e more c o n c e n t r a t e d s o l u t i o n s 
by t h e r a p i d f o r m a t i o n o f an i n s o l u b l e m a t e r i a l assumed t o be an a l d o l 
c o n d e n s a t i o n p r o d u c t . As a consequence s e v e r a l e x p e r i m e n t s were made. 
These s t u d i e s were made u s i n g sodium p e r c h l o r a t e t o m a i n t a i n t h e i o n i c 
s t r e n g t h c o n s t a n t . 
Expe r imen t N o . 1—To 1.00 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n i n 
a n i t r o g e n - f i l l e d n . m . r . sample t u b e was added 0 .040 m l . o f a b u f f e r 
c o n t a i n i n g 0 . 9 7 3 M_ t r i m e t h y l a m i n e and 0 .857 M_ t r ime thy lammonium p e r ­
c h l o r a t e . The i s o b u t y r i c a c i d c o n c e n t r a t i o n of t h e i s o b u t y r a l d e h y d e - 2 - d 
s o l u t i o n was 0 .0064 M_. The f i n a l c o n c e n t r a t i o n of t h e t r i m e t h y l a m i n e was 
0 .0312 M and t h a t o f t h e t r imethy lammonium i o n 0 .0392 M_. 
E x p e r i m e n t No. 2—To 1.00 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n i n 
a n i t r o g e n - f i l l e d n . m . r . sample t u b e was added 0 .020 m l . o f a b u f f e r com­
p o s e d 0 .973 M_ t r i m e t h y l a m i n e and 0 .857 M_ t r ime thy lammonium p e r c h l o r a t e . 
The i s o b u t y r i c a c i d c o n c e n t r a t i o n o f t h e i s o b u t y r a l d e h y d e s o l u t i o n was 
0 .0064 M_. To m a i n t a i n t h e i o n i c s t r e n g t h as i n E x p e r i m e n t No. 1 , 0 .020 
m l . of 0 . 853 M_ sodium p e r c h l o r a t e was a d d e d . The f i n a l c o n c e n t r a t i o n 
o f t h e s o l u t i o n was 0 ..0125 M_ t r i m e t h y l a m i n e and 0 .0227 M_ t r i m e t h y l a m ­
monium i o n . 
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E x p e r i m e n t No , 3 — I n t o 1.00 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n 
i n a n i t r o g e n - f i l l e d n . m . r . sample t u b e was i n j e c t e d 0 . 0 3 0 m l . o f a b u f ­
f e r o f 0 . 973 M_ t r i m e t h y l a m i n e and 0 . 8 5 7 M_ t r ime thy lammonium p e r c h l o r a t e . 
A l s o 0 .010 m l . o f 0 . 8 5 3 M_ sodium p e r c h l o r a t e was added . The i s o b u t y r -
a l d e h y d e - 2 - d s o l u t i o n c o n t a i n e d 0 .0064 M_ i s o b u t y r i c a c i d . The f i n a l con 
c e n t r a t i o n o f t h e t r i m e t h y l a m i n e was 0 .0218 M_ and t h e t r imethy lammonium 
i o n was 0 .0309 M. 
Expe r imen t No. 4 — T h i s e x p e r i m e n t was done a t a somewhat l a t e r 
t i m e t o check t h e p r e v i o u s r e s u l t s . The b u f f e r was t i t r a t e d and a p ­
p a r e n t l y a l a r g e p a r t o f t h e f r e e amine had e v a p o r a t e d . To s t u d y t h e 
k i n e t i c s , 0 .25 m l . of a b u f f e r c o n t a i n i n g 0 . 0 6 9 1 M_ t r i m e t h y l a m i n e and 
0 .036 M_ t r imethylammonium i o n and 0 . 0 0 3 M_ sodium p e r c h l o r a t e was added 
t o 0 .50 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n c o n t a i n i n g 0 .0225 M_ i s o b u -
t y r i c a c i d . The f i n a l c o n c e n t r a t i o n of t r i m e t h y l a m i n e was 0 .0080 M_ and 
t h e t r imethy lammonium ion was 0 ,027 M_. The r e s u l t s a r e i n T a b l e s 3 2 , 
3 3 , 3 4 , 3 5 . 
N - M e t h y l m o r p h o l i n e . Us ing t h e k i n e t i c t e c h n i q u e d e s c r i b e d f o r 
weak b a s e s , t h e k i n e t i c s o f t h e N - m e t h y l m o r p h o l i n e - c a t a l y z e d exchange 
was s t u d i e d . I n t o 0 . 2 5 m l . of a b u f f e r composed of 0 .120 M_ N - m e t h y l -
m o r p h o l i n e and 0 .0663 M_ N-me thy lmorpho l i n ium p e r c h l o r a t e was i n j e c t e d 
0 .50 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n t h a t was 0 . 0 2 3 1 M_ i n i s o b u -
t y r i c a c i d . The f i n a l c o n c e n t r a t i o n o f N - m e t h y l m o r p h o l i n e was 0 .0246 M_ 
and t h a t o f N-me thy lmorpho l in ium i o n was 0 .0375 M, The r e s u l t s a r e i n ­
c l u d e d i n F i g . 3 and Tab le 3 6 . 
1 , 4 - D i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e . To s t u d y l , 4 - d i a z a b i c y c l o [ 2 . 2 . 2 ] 
o c t a n e , 0 .25 m l . o f a b u f f e r composed of 0 .120 M l , 4 - d i a z a b i c y c l o [ 2 . 2 . 2 ] 
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o c t a n e ( t r i e t h y l e n e d i a m i n e ) and 0 .0194 M_ l , 4 - d i a z a b i c y c l o [ 2 .2 , 2 ] o c t a n e 
hydrogen , p e r c h l o r a t e was added t o 0 .50 m l . of i s o b u t y r a l d e h y d e - 2 - d 
s o l u t i o n c o n t a i n i n g 0 ,0225 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n 
o f l , 4 - d i a z a b i c y c l o [ 2 . 2 0 2 ] o c t a n e was 0 .0250 M_ and t h e c o n c e n t r a t i o n o f 
l , 4 - d i a z a b i c y c l o [ 2 . 2 , 2 ] o c t a n e hyd rogen p e r c h l o r a t e was 0 .0215 M_, The 
r e s u l t s a r e t a b u l a t e d i n T a b l e 37 and F i g . 3 . 
1 , 4 - D i a z a b i c y c l o [ 2 . 2 . 2 ] o c t a n e Hydrogen P e r c h l o r a t e . An a t t e m p t 
was made t o s t u d y t h e c a t a l y s i s by a 0 .0274 M_ s o l u t i o n o f 1 , 4 - d i a z a -
b i c y c l o [ 2 . 2 , 2 ] o c t a n e hyd rogen p e r c h l o r a t e . A f t e r one week t h e r e was no 
i n d i c a t i o n o f exchange and t h e e x p e r i m e n t was abandoned* 
8 - D i m e t h y l a m i n o e t h a n o l . The s t u d y of t h e 8 - d i m e t h y l a m i n o e t h a n o l 
c a t a l y z e d exchange o f i s o b u t y r a l d e h y d e - 2 - d was a c c o m p l i s h e d by a d d i n g 
0 .25 m l . o f a b u f f e r c o n s i s t i n g o f 0 .100 M_ 3 - d i m e t h y l a m i n o e t h a n o l and 
0 .0895 M_ 3 - d i m e t h y l a m i n o e t h a n o l hydrogen p e r c h l o r a t e t o 0o50 m l . of an 
i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n . The i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n c o n ­
t a i n e d 0 ,0077 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n of - 3 - d i m e t h y l ­
a m i n o e t h a n o l was 0 . 0 2 8 1 M_ and t h a t o f t h e 3 - d i m e t h y l a m i n o e t h a n o l hyd rogen 
p e r c h l o r a t e was 0 .0350 M. The r e s u l t s a r e i n c l u d e d i n T a b l e 38 and 
F i g , 3 . 
N - M e t h y l d i e t h y l a m i n e . The s t u d y of t h e k i n e t i c s o f t h e i s o b u t y r -
a l d e h y d e - 2 - d exchange c a t a l y z e d by N - m e t h y l d i e t h y l a m i n e was a c c o m p l i s h e d 
by i n j e c t i n g 0 .25 m l . o f a b u f f e r c o n s i s t i n g of 0 .0876 M_ N - m e t h y l d i e t h y l ­
amine and 0 .135 M_N-methyldiethylammonium p e r c h l o r a t e i n 0 .50 m l . of i s o -
b u t y r a l d e h y d e - 2 - d s o l u t i o n . The a l d e h y d e s o l u t i o n was 0 .0158 M_ i n 
i s o b u t y r i c a c i d . The f i n a l s o l u t i o n c o n s i s t e d of 0 ,0187 M_N-methyld i -
r 
e t h y l a m i n e and 0 .0556 M N-methy ld ie thy lammonium i o n . The r e s u l t s a r e 
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i n c l u d e d i n F i g . 3 and a r e t a b u l a t e d i n T a b l e 3 9 . 
NyNjNj 'N-Te t r ame thy le thy l ened iamine . The s t u d y o f t h e k i n e t i c s of 
t h e N , N , N ^ N - t e t r a m e t h y l e t h y l e n e d i a m i n e - c a t a l y z e d exchange of i s o b u t y r ­
a l d e h y d e was made by i n j e c t i n g 0 . 2 5 m l . of a b u f f e r , 0 . 1 2 8 3 M_ i n N,N,N',N 
t e t r a m e t h y l e t h y l e n e d i a m i n e and 0 .1352 M_ i n t h e monoammonium p e r c h l o r a t e , 
i n t o 0 .50 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n t h a t c o n t a i n e d 0 .0158 M_ 
i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n o f t h e N , N , N . ^ N - t e t r a m e t h y l -
e t h y l e n e d i a m i n e was 0 .0323 M and t h e c o n c e n t r a t i o n of t h e monoammonium 
s o l u t i o n was 0 .0556 M. ~The r e s u l t s a r e t a b u l a t e d i n Tab le 40 and F i g , 3 
N - M e t h y l i m i d a z o l e , The. s t u d y : o f t h e N - m e t h y l i m i d a z o l e - c a t a l y z e d 
exchange of i s o b u t y r a l d e h y d e - 2 - d was made by i n j e c t i n g 0 .05 m l . of i s o ­
b u t y r a l d e h y d e -2 -d i n t o one m l . o f a b u f f e r o f 0 . 1 7 2 7 M_N-methy l imidazo le 
and 0 .3380 M_ N - m e t h y l i m i d a z o l e hyd rogen p e r c h l o r a t e . From t h e t i t r a t i o n 
of a s t a n d a r d i s o b u t y r a l d e h y d e s o l u t i o n p r e p a r e d a t t h e t i m e , t h e i s o ­
b u t y r a l d e h y d e - 2-d c o n t a i n e d 0 .405 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n ­
t r a t i o n of t h e N - m e t h y l i m i d a z o l e was 0 .1454 M_ and t h a t of t h e hyd rogen 
p e r c h l o r a t e was 0 .3408 M_. 
A second N - m e t h y l i m i d a z o l e s t u d y was made u s i n g t h e same b u f f e r — 
0 .1727 M_ N - m e t h y l i m i d a z o l e and 0 .3380 M_ N - m e t h y l i m i d a z o l e h y d r o g e n 
p e r c h l o r a t e . To an n . m . r , s ample t u b e c o n t a i n i n g 0 .50 m l . o f i s o -
b u t y r a l d e h y d e - 2 - d was i n j e c t e d 0 . 2 5 m l , o f b u f f e r . The i s o b u t y r a l d e h y d e 
2-d s o l u t i o n c o n t a i n e d 0 .0158 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a ­
t i o n of N - m e t h y l i m i d a z o l e was 0 . 0 4 7 1 M_ and t h a t of t h e N - m e t h y l i m i d a z o l e 
hydrogen p e r c h l o r a t e was 0 .1232 M_. The r e s u l t s a r e r e c o r d e d i n T a b l e s 
41 and 4 2 . 
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2 , 2 ; 2 " N i t r i l o t r i e t h a n o l . The s t u d y of t h e k i n e t i c s o f t h e 2 , 2 ^ 2 -
n i t r i l o t r i e t h a n o l ( t r i e t h a n o l a m i n e ) c a t a l y z e d exchange o f i s o b u t y r a l d e -
h y d e - 2 - d was made by i n j e c t i n g 0 . 0 5 m l . o f i s o b u t y r a l d e h y d e - 2 - d i n t o 1.0 
m l . o f a b u f f e r composed o f 0 .257 M _ 2 , 2 [ 2 - n i t r i l o t r i e t h a n o l and 0 . 1 4 1 M 
t tt 
2 , 2 , 2 - n i t r i l o t r i e t h a n o l hyd rogen p e r c h l o r a t e . The i s o b u t y r a l d e h y d e - 2 - d 
c o n t a i n e d 0 .1743 M i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n o f t h e 
2 , 2 ^ 2 - n i t r i l o t r i e t h a n o l was 0 .237 M_ and t h a t of t h e h y d r o g e n p e r c h l o r a t e 
was 0 .142 M. The r e s u l t s a r e t a b u l a t e d i n T a b l e 43 and F i g u r e 3 . 
A c e t a t e Ion C a t a l y s i s . The a c e t a t e i o n c a t a l y z e d exchange was 
s t u d i e d a t two b u f f e r r a t i o s t o l e a r n w h e t h e r t h e exchange was c a t a l y z e d 
by t h e a c e t i c a c i d . The s t u d i e s were c a r r i e d o u t o v e r an e x t e n d e d 
p e r i o d o f t i m e ; t h e r e f o r e t h e capped n . m . r . s ample t u b e s were s e a l e d as 
t i g h t l y a s p o s s i b l e . 
E x p e r i m e n t No. 1—To 0 . 5 0 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n 
was added 0 .50 m l . o f a b u f f e r composed o f 0 .6385 M a c e t i c a c i d and 
0 .6385 M_ a c e t a t e i o n . The f i n a l c o n c e n t r a t i o n o f a c e t i c a c i d was 0 .319 
M_ and t h a t of t h e a c e t a t e i o n was 0 .319 M_. 
E x p e r i m e n t No. 2—To one m l . o f a b u f f e r composed o f 0 . 1 6 4 M_ 
a c e t i c a c i d and 0 . 8 7 5 M_ a c e t a t e i o n was a d d e d - 0 . 0 5 m l . o f i s o b u t y r -
a l d e h y d e - 2 - d . The f i n a l c o n c e n t r a t i o n of t h e b u f f e r was 0 . 1 5 6 1 M_ 
a c e t i c a c i d and 0 . 8 3 3 M_ a c e t a t e i o n . The r e s u l t s o f t h e s e e x p e r i m e n t s 
a r e t a b u l a t e d i n T a b l e s 44 and 45 amd F i g . 3 . 
2 , 4 - L u t i d i n e . The k i n e t i c s o f t h e exchange o f i s o b u t y r a l d e h y d e -
2-d u s i n g 2 , 4 - l u t i d i n e a s a c a t a l y s t were s t u d i e d by i n j e c t i n g 0 .25 m l . 
of 0 .526 M_ 2 , 4 - l u t i d i n e i n t o 0 .50 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n . 
The a l d e h y d e s o l u t i o n was 0 .0078 M_ i n ' i s o b u t y r i c a c i d . The c o n c e n t r a -
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t i o n o f 2 , 4 - l u t i d i n e was 0 .170 M_ and t h e 2 , 4 - l u t i d i n i u m i o n was 0*005 M, 
The r e s u l t s a r e i n c l u d e d i n F i g . 3 and T a b l e 4 6 . 
4 - P i c o l i n e . To s t u d y t h e 4 - p i c o l i n e - c a t a l y z e d exchange o f i s o -
b u t y r a l d e h y d e - 2 - d , 0 . 2 5 m l . o f b u f f e r composed o f 0 . 1983 M_ 4 - p i c o l i n e 
and 0 .3380 M_ 4 - p i c o l i n i u m p e r c h l o r a t e was added t o a n . m . r . sample t u b e 
c o n t a i n i n g 0 .50 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n t h a t was 0 .0158 M_ 
i n i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was 0 ,0556 M_ 
4 - p i c o l i n e and 0 .1232 M 4 - p i c o l i n i u m i o n . 
The k i n e t i c s were a l s o s t u d i e d u s i n g more c o n c e n t r a t e d b u f f e r . 
I n t o one m l . of t h e b u f f e r u s e d p r e v i o u s l y was i n j e c t e d 0 . 0 5 m l , of 
i s o b u t y r a l d e h y d e - 2 - d , The c o n c e n t r a t i o n o f i s o b u t y r i c a c i d i n t h e , a l d e ­
hyde was d e t e r m i n e d by p r e p a r i n g a s t a n d a r d s o l u t i o n and t i t r a t i n g i t . 
The a c i d c o n c e n t r a t i o n i n t h e i s o b u t y r a l d e h y d e - 2 - d was 0 .405 M_. The 
f i n a l c o n c e n t r a t i o n o f 4 - p i c o l i n e was 0 . 1 7 8 8 M_ and t h a t of 4 - p i c o l i n i u m 
i o n was 0 .3408 M_. The r e s u l t s of t h e s e s t u d i e s a r e i n F i g . 3 and T a b l e s 
47 and 4 8 , 
2 , 4 , 6 - T r i m e t h y l p y r i d i n e . The k i n e t i c s of t h e 2 , 4 , 6 - t r i m e t h y l -
p y r i d i n e - c a t a l y z e d exchange o f i s o b u t y r a l d e h y d e - 2 - d were s t u d i e d by i n ­
j e c t i n g 0 . 0 5 ml-, of i s o b u t y r a l d e h y d e - 2 - d i n t o one m l . o f a b u f f e r con ­
s i s t i n g of 0 .1172 M_ 2 , 4 , 6 - t r i m e t h y l a m i n e and 0 .1357 M _ 2 , 4 , 6 - t r i m e t h y l -
p y r i d i n i u m p e r c h l o r a t e . The a c i d c o n c e n t r a t i o n was d e t e r m i n e d as b e f o r e 
and was 0 . 4 7 3 M_. The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was 0 . 0 8 9 1 M 
2 , 4 , 6 - t r i m e t h y l p y r i d i n e and 0 .1512 M_ 2 , 4 , 6 - t r i m e t h y l p y r i d i n i u m i o n . The 
r e s u l t s a r e t a b u l a t e d i n T a b l e 49 and F i g . 3 . 
2 , 6 - L u t i d i n e . The 2 , 6 - l u t i d i n e - c a t a l y z e d exchange was s t u d i e d 
by i n j e c t i n g 0 . 0 5 m l . of i s o b u t y r a l d e h y d e - 2 - d i n t o one m l . of a b u f f e r 
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c o n t a i n i n g 0 .1920 M_ 2 , 6 - l u t i d i n e and 0 . 3 3 8 M_ 2 , 6 - l u t i d i n i u m p e r c h l o r a t e . 
The c o n c e n t r a t i o n o f i s o b u t y r i c a c i d i n t h e i s o b u t y r a l d e h y d e - 2 - d was 0 .473 
M_. The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was 0 , 1 6 1 M_ i n 2 , 6 - l u t i d i r i e and 
0 .345 M_ i n 2 , 6 - l u t i d i n i u m i o n . The r e s u l t s a r e t a b u l a t e d i n T a b l e 50 
and F i g . 3 . 
P y r i d i n e . The k i n e t i c s t u d y o f t h e p y r i d i n e - c a t a l y z e d exchange 
was made by i n j e c t i n g 0 .05 m l . i s o b u t y r a i d e h y d e - 2 - d i n t o one m l . of a 
b u f f e r composed o f 0 .758 M_ p y r i d i n e and 0 .217 M_pyr id in ium p e r c h l o r a t e . 
The i s o b u t y r i c a c i d c o n c e n t r a t i o n was 0 . 1 7 4 M_ i n t h e i s o b u t y r a l d e h y d e - 2 -
d. The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was- .0.714 M_ i n p y r i d i n e and 
0 .215 M_ i n p y r i d i n i u m i o n . The r e s u l t s a r e i n c l u d e d i n T a b l e 51 and 
F i g . 3 . 
3 , 4 - L u t i d i n e . The 3 , 4 - l u t i d i n e - c a t a l y z e d exchange o f i s o b u t y r -
a l d e h y d e - 2 - d was s t u d i e d by i n j e c t i n g 0 .05 ml . of i s o b u t y r a l d e h y d e - 2 -
d i n t o a b u f f e r composed o f 0 .142 M 3 , 4 - l u t i d i n e and 0 .109 M 3 , 4 - l u t i d i -
nium p e r c h l o r a t e . The b u f f e r was p r e p a r e d a t h i g h e r c o n c e n t r a t i o n s b u t 
w h i t e s o l i d formed a l m o s t a t once . The i s o b u t y r i c a c i d c o n c e n t r a t i o n 
i n t h e a l d e h y d e was 0 .174 M_. The f i n a l c o n c e n t r a t i o n of t h e b u f f e r was 
0 .127 M i n 3 , 4 - l u t i d i n e and 0 .112 M i n 3 , 4 - l u t i d i n i u m i o n . The r e s u l t s 
a r e t a b u l a t e d i n T a b l e 52 and F i g , 3 . 
T r i m e t h y l a m i n e - N - Q x i d e . The k i n e t i c s o f t h e t r i m e t h y l a m i n e - N -
o x i d e - c a t a l y z e d d e u t e r i u m exchange were s t u d i e d by i n j e c t i n g 0 .050 m l . 
of i s o b u t y r a l d e h y d e - 2 - d i n t o one m l . o f a b u f f e r composed of 0 .359 M_ 
t r i m e t h y l a m i n e - N - o x i d e and 0 .071 M_ t r i m e t h y l a m i n e - N - o x i d e hyd rogen 
p e r c h l o r a t e . The i s o b u t y r i c a c i d c o n c e n t r a t i o n was 0 .3418 M_ i n t h e 
i s o b u t y r a l d e h y d e - 2 - d . The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was 0 .332 M_ 
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t r i m e t h y l a m i n e - N - o x i d e and 0 . 0 7 8 M i n t r i m e t h y l a m i n e - N - o x i d e hyd rogen 
p e r c h l o r a t e o r i s o b u t y r a t e i o n . • T h e • * i s o b u t y r i c a c i d c o n c e n t r a t i o n i s 
0 . 0 0 3 M and t h e i s o b u t y r a t e i o n i s 0 . 0 1 0 1 M. R e s u l t s a r e i n Tab l e 53 
and F i g . 3 . 
P h e n o l • The k i n e t i c s of t h e p h e n o x i d e c a t a l y z e d exchange of i s o ­
b u t y r a l d e h y d e - 2 - d was s t u d i e d by i n j e c t i n g 0 . 2 5 m l . o f a b u f f e r composed 
o f 0 .0956 M p h e n o l and 0 .0956 M_ sodium p h e n o x i d e i n t o 0 .50 m l . of . i s o ­
b u t y r a l d e h y d e s o l u t i o n . The i s o b u t y r i c a c i d c o n c e n t r a t i o n of t h e i s o b u ­
t y r a l d e h y d e - 2 - d s o l u t i o n was 0 .0078 M_. The f i n a l c o n c e n t r a t i o n of t h e 
b u f f e r was 0 . 0 3 7 1 M p h e n o l and 0 .0267 M p h e n o x i d e i o n . 
The e x p e r i m e n t was r e p e a t e d u s i n g a b u f f e r composed o f 0 ,0659 M_ 
p h e n o l and 0 .1257 M_ sodium p h e n o x i d e . The i s o b u t y r i c a c i d c o n c e n t r a t i o n 
of t h e i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n was 0 .0179 M. The f i n a l c o n c e n t r a ­
t i o n of t h e b u f f e r was 0 .0339 M_ p h e n o l and 0 .0299 M_ p h e n o x i d e i o n „ The 
r e s u l t s a r e i n Tab le 54 and 55 and a r e i n c l u d e d i n F i g . 3 . 
m - C h l o r o p h e n o l . The s t u d y o f t h e k i n e t i c s of t h e exchange o f i s o -
b u t y r a l d e h y d e - 2 - d c a t a l y z e d by m - c h l o r o p h e n o x i d e i o n was a c c o m p l i s h e d by 
u s e of a m i x t u r e of 0 ,25 m l . of a b u f f e r c o n t a i n i n g 0 ,0820 M_ m - c h l o r o -
p h e n o l and 0 .1186 M_ sodium m - c h l o r o p h e n o x i d e and 0 .50 m l . of an i s o ­
b u t y r a l d e h y d e - 2 - d s o l u t i o n . The i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n c o n t a i n e d 
0 .0179 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n of t h e b u f f e r was 
0 .0393 M m - c h l o r o p h e n o l and 0 .0275 M sodium m - c h l o r o p h e n o x i d e i o n . The 
r e s u l t s a r e i n c l u d e d i n F i g . 3 and Tab le 5 6 , 
p - C h l o r o p h e n o l . The k i n e t i c s of t h e exchange o f i s o b u t y r a l d e h y d e -
2-d i n t h e p r e s e n c e o f p - c h l o r o p h e r i o x i d e i o n was s t u d i e d by t h e u s e of a 
m i x t u r e c o n s i s t i n g of 0 . 2 5 m l . o f a b u f f e r 0 .1522 M_ p - c h l o r o p h e n o l — 
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0 . 1 5 8 1 M_ sodium p_-ch lo rophenox ide and 0 .50 m l . of i s o b u t y r a l d e h y d e - 2 - d 
" s o l u t i o n . The i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n c o n t a i n e d 0 .0179 M_ i s o b u t y r ­
i c a c i d . The f i n a l c o n c e n t r a t i o n of t h e b u f f e r was 0 .0627 M_ p_-ch lo ro -
p h e n o l — 0 . 0 4 0 7 M_ p j -ch loroph en o x i d e i o n . The r e s u l t s a r e t a b u l a t e d i n 
Tab le 57 and i n c l u d e d i n F i g . 3 . 
o - C h l o r o p h e n o l . The k i n e t i c s of t h e o_-ch lorophenoxide c a t a l y z e d 
exchange of i s o b u t y r a l d e h y d e - 2 - d was s t u d i e d by i n j e c t i n g 0 . 2 5 m l . of a 
b u f f e r 0 .1880 M_ o - c h l o r o p h e n o l — 0 .1576 M_ sodium o - c h l o r o p h e n o x i d e i n t o 
0 .75 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n . The a l d e h y d e s o l u t i o n c o n ­
t a i n e d 0 .020 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n o f b u f f e r was 
0 .0620 M _ o - c h l o r o p h e n o l — 0 . 0 2 4 4 M_sodium o - c h l o r o p h e n o x i d e . The r e s u l t s 
a r e t a b u l a t e d i n Tab le 58 and i n c l u d e d i n F i g . 3 . 
o - M e t h y l p h e n o l ( o - C r e s d l ) . The k i n e t i c s of t h e exchange of i s o -
b u t y r a l d e h y d e - 2 - d c a t a l y z e d by o - m e t h y l p h e n o x i d e i o n were s t u d i e d by 
a d d i n g 0 . 2 5 m l . o f a b u f f e r o f 0 .0239 M o - m e t h y l p h e n o l - - 0 .15.70 M 
sodium o - m e t h y l p h e n o x i d e t o 0 .75 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n . 
The i s o b u t y r i c a c i d c o n c e n t r a t i o n of t h e a l d e h y d e s o l u t i o n was 0 .020 M, 
The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was 0 .0210 M_ o_-methylphenol— 
0 . 0 2 4 3 M_ o - m e t h y l p h e n o x i d e i o n . The r e s u l t s a r e t a b u l a t e d i n T a b l e 59 
and i n c l u d e d i n F i g . 3 . 
p - M e t h y l p h e n o l ( p - C r e s o l ) . The s t u d y of t h e k i n e t i c s of t h e e x ­
change of i s o b u t y r a l d e h y d e - 2 - d c a t a l y z e d by p_-methylphenoxide i o n was 
made by i n j e c t i n g 0 . 2 5 m l . o f a b u f f e r c o n s i s t i n g of 0 .1222 M_ p - m e t h y l -
p h e n o l — 0 . 1 1 8 6 M_sodium p - m e t h y l p h e n o x i d e i n t o 0 .50 m l . of i s o b u t y r a l d e -
h y d e - 2 - d s o l u t i o n . The a l d e h y d e s o l u t i o n c o n t a i n e d 0 .0179 M_ i s o b u t y r i c 
a c i d . The f i n a l c o n c e n t r a t i o n of t h e b u f f e r was 0 . 0 5 2 7 M p - m e t h y l -
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p h e n o l — 0 . 0 2 7 5 M p - m e t h y l p h e n o x i d e i o n . The r e s u l t s a r e t a b u l a t e d i n 
T a b l e 60 and i n c l u d e d i n F i g . 3 . 
m - N i t r o p h e n o l . The s t u d y of t h e k i n e t i c s o f t h e exchange of i s o ­
b u t y r a l d e h y d e - 2-d c a t a l y z e d by m - n i t r o p h e n o x i d e i o n was c a r r i e d ou t by 
i n j e c t i n g 0 . 2 5 m l . o f a b u f f e r composed of 0 .0659 M_ m - n i t r o p h e n o l - - 0 .0790 
M sodium m - n i t r o p h e n o x i d e i n t o 0 .50 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n . 
The a l d e h y d e s o l u t i o n was 0 .0179 M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a ­
t i o n of t h e b u f f e r was 0 .0340 M m _ - n i t r o p h e n o l — 0 . 0 1 4 3 M_ m - n i t r o p h e n o x i d e 
i o n . The r e s u l t s a r e t a b u l a t e d i n T a b l e 61 i n c l u d e d i n F i g , 3 . 
p - N i t r o p h e n o l T h e k i n e t i c s of t h e p - n i t r o p h e n o x i d e c a t a l y z e d 
exchange o f i s o b u t y r a l d e h y d e - 2 - d was s t u d i e d by i n j e c t i n g 0 .50 m l , of 
a b u f f e r composed of 0 .0536 M_ p - n i t r o p h e n o l — 0 . 0 7 9 0 M_ sodium p - n i t r o -
p h e n o x i d e i n t o 0 .50 m l , of i s o b u t y a l d e h y d e - 2 - d s o l u t i o n c o n t a i n i n g 0 .0200 
M_ i s o b u t y r i c a c i d . The f i n a l c o n c e n t r a t i o n o f t h e b u f f e r was 0 , 0 3 6 8 M 
p - n i t r o p h e n o l — 0 . 0 2 9 5 M _ p - n i t r o p h e n o x i d e . The r e s u l t s a r e t a b u l a t e d i n 
T a b l e 6 2 , 
N - M e t h y l p i p e r i d i n e . The k i n e t i c s o f N - m e t h y l p i p e r i d i n e - c a t a l y z e d 
exchange o f i s o b u t y r a l d e h y d e - 2 - d was s t u d i e d u s i n g a sample of 0 .50 m l , 
of i s o b u t y r a l d e h y d e and 0 . 1 5 m l , o f a b u f f e r composed of 0 , 0 8 3 M N-
m e t h y l p i p e r i d i n e and 0 ,052 M_ N - m e t h y l p i p e r i d i n i u m p e r c h l o r a t e „ The i s o ­
b u t y r i c a c i d c o n c e n t r a t i o n i n t h e a l d e h y d e s o l u t i o n was 0 .0048 M_. The 
f i n a l c o n c e n t r a t i o n s were 0 .0154 M N - m e t h y l p i p e r i d i n e and 0 .0157 M_ 
N - m e t h y l p i p e r i d i n i u m p e r c h l o r a t e . The r e s u l t s a r e i n T a b l e 6 3 . 
N - M e t h y l p y r r o l i d i n e . The k i n e t i c s o f N - m e t h y l p y r r o l i d i n e - c a t a -
l y z e d exchange of i s o b u t y r a l d e h y d e - 2 - d was s t u d i e d u s i n g a r e a c t i o n 
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m i x t u r e o f 0 .50 m l . of i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n and 0 . 1 5 m l . o f a 
b u f f e r composed o f 0 .080 M _ N - m e t h y l p y r r o l i d i n e and 0 . 1 0 5 M N - m e t h y l p y r -
r o l i d i n i u m p e r c h l o r a t e . The i s o b u t y r i c a c i d c o n c e n t r a t i o n of t h e a l d e ­
hyde s o l u t i o n was 0 .0048 M_. The c o n c e n t r a t i o n o f t h e r e a c t i o n components 
were 0 .0148 M _ N - m e t h y l p y r r o l i d i n e and 0 .0279 M _ N - m e t h y l p y r r o l i d i n i u m 
p e r c h l o r a t e . The r e s u l t s a r e t a b u l a t e d i n T a b l e 6 4 . 
Ra te o f Deu te r ium Exchange a t 60° 
The r a t e o f exchange o f i s o b u t y r a l d e h y d e - 2 - d was s t u d i e d a t 60° 
u s i n g a c o n s t a n t t e m p e r a t u r e b a t h as d e s c r i b e d i n t h e i n s t r u m e n t s e c t i o n . 
In o r d e r t o d e t e r m i n e t h e c a t a l y s i s due t o w a t e r b u t p r e v e n t c a t a l y s i s 
by a c i d u n a v o i d a b l y p r e s e n t , a v e r y d i l u t e , i n e f f e c t i v e c a t a l y s t was 
u s e d . I n t o 10 m l . of 0.'0050 M_ sodium a c e t a t e was i n j e c t e d 0 .35 m l . o f 
i s o b u t y r a l d e h y d e - 2 - d . The sodium a c e t a t e had been p u r g e d w i t h n i t r o g e n 
and p i p e t t e d i n t o a 15 m l . r u b b e r - c a p p e d v i a l t h a t h a d b e e n f l u s h e d w i t h 
n i t r o g e n . The s y r i n g e was p u r g e d w i t h n i t r o g e n and t h e i s o b u t y r a l d e h y d e -
2 -d was t r a n s f e r r e d u n d e r a c o v e r of n i t r o g e n . The r a t e of c a t a l y s i s a t 
room t e m p e r a t u r e i s s l o w enough t o be i g n o r e d compared t o t h e r a t e a t 
6 0 ° . T h i s s o l u t i o n was 0 .00252 M_ i n i s o b u t y r i c a c i d . The i s o b u t y r a l d e -
h y d e - 2 - d c o n c e n t r a t i o n was 0 .278 M_ and t h e a c e t a t e i o n c o n c e n t r a t i o n 
0 .00483 M_. Three 1 m l . s amp le s of t h i s s o l u t i o n were i n j e c t e d i n t o 
n . m . r . sample t u b e s t h a t were f l u s h e d w i t h n i t r o g e n and c a p p e d . These 
t u b e s were s e a l e d by warming t h e t u b e n e a r t h e c a p , i n s e r t i n g a n e e d l e 
i n t o t h e cap and p u l l i n g t h e t u b e down and s e a l i n g i t . The f r e e volume 
l e f t i n t h e t u b e s was a p p r o x i m a t e l y 0 .50 m l . These samples were p l a c e d 
i n t h e 60° c o n s t a n t t e m p e r a t u r e b a t h and t h e k i n e t i c s f o l l o w e d by r e -
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moving t h e s amples and p l a c i n g them i n w a t e r a t 25° t o e s s e n t i a l l y s t o p 
t h e c a t a l y s i s d u r i n g t h e a n a l y s i s . , The t i m e was c o u n t e d on ly when t h e 
samples we re i n t h e c o n s t a n t t e m p e r a t u r e b a t h . The s amp le s were opened 
and t i t r a t e d when t h e k i n e t i c s s t u d y was c o m p l e t e d . The s a m p l e s t i t r a t e d 
0 .0049 M_ i n a c i d . 
R a t e of Deu te r ium Exchange a t 100° C 
Using t h e same t e c h n i q u e as u sed i n t h e 60° C r a t e s t u d y , 5 .0 m l . 
of 0 .0050 M_sodium a c e t a t e was p i p e t t e d i n t o a 10 m i l l i l i t e r r u b b e r -
capped v i a l . I n to th i s s o l u t i o n was i n j e c t e d 0 .175 m l . o f i s o b u t y r a l d e -
h y d e - 2 - d . The f i n a l c o n c e n t r a t i o n o f a c e t ' a t e wa.s 0 .00483 M_ and t h a t o f 
i s o b u t y r a l d e h y d e - 2 - d was 0 . 2 7 8 M_. The s o l u t i o n was 0 .035 M_ i n i s o b u t y r i c 
a c i d . Th ree 1.0 m l . s amples were i n j e c t e d i n t o n . m . r . s ample t u b e s and 
s e a l e d a s i n t h e 60° s t u d y . The c o n s t a n t t e m p e r a t u r e b a t h was a t h r e e -
neck f l a s k , t w o - t h i r d s f u l l o f r e f l u x i n g w a t e r . In one neck was a r e f l u x 
c o n d e n s e r and t h e o t h e r two were s t o p p e r e d . Two of t h e s e a l e d t u b e s were 
f l o a t e d i n a cork i n t h i s b a t h . They were removed from t i m e t o t i m e , 
c o o l e d i n t a p w a t e r and t h e n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a examined . 
The exchange was t i m e d on ly when t h e n . m . r . sample t u b e s were i n t h e 100° 
b a t h . The t h i r d t u b e was a l l o w e d t o s i t a t room t e m p e r a t u r e , 2 5 ° . No 
exchange was o b s e r v e d i n t h i s sample d u r i n g t h e t ime of t h e s t u d y . The 
t u b e s were opened and t h e s amples t i t r a t e d when t h e k i n e t i c s were 
s t o p p e d . The s amp le s t i t r a t e d 0 .0054 M_ i n a c i d . The r e s u l t s a r e i n 
Tab l e 66 . 
Two Component—Acid—Base—Cata lys t System 
In t h e two component c a t a l y s t a m i x t u r e o f methylammonium c h l o r i d e 
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and a b u f f e r of N - m e t h y l m o r p h o l i n e and N - m e t h y l m o r p h o l i n i u m p e r c h l o ­
r a t e was added t o t h e i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n . Two s e p a r a t e 
s t u d i e s were made. In one s t u d y t h e c o n c e n t r a t i o n o f N - m e t h y l m o r p h o l i n e 
b u f f e r was h e l d c o n s t a n t and t h e b u f f e r r a t i o was m a i n t a i n e d a t a v a l u e 
of o n e , b u t t h e methylammonium c h l o r i d e c o n c e n t r a t i o n was v a r i e d o v e r 
a f i v e - f o l d r a n g e from 0 .044 M_ t o 0 .22 M_. A p l o t of t h e o b s e r v e d f i r s t -
o r d e r r a t e c o n s t a n t s f o r exchange v e r s u s t h e c o n c e n t r a t i o n o f t h e 
methylammonium c h l o r i d e y i e l d e d a s t r a i g h t l i n e . 
A second s t u d y was made t o d e t e r m i n e t h e s l o p e o f t h e l i n e o b ­
t a i n e d by p l o t t i n g t h e o b s e r v e d f i r s t - o r d e r r a t e c o n s t a n t f o r exchange 
i n a s e r i e s o f e x p e r i m e n t s i n which t h e c o n c e n t r a t i o n o f methylammonium 
c h l o r i d e was h e l d c o n s t a n t and t h e b u f f e r c o n c e n t r a t i o n va r i ed . , 
In t h e s e s t u d i e s t h e i o n i c 1 s t r e n g t h was h e l d c o n s t a n t by a d d i n g 
sodium p e r c h l o r a t e . I n g e n e r a l a l l t h e s t u d i e s were done i n t h e same 
way. The b u f f e r , methylammonium c h l o r i d e s o l u t i o n and sodium p e r c h l o ­
r a t e s o l u t i o n were i n j e c t e d i n t o a n i t r o g e n - ^ f i l l e d n . m . r . sample t u b e 
and t h e n a t z e r o t i m e t h e 0 . 5 5 M_' i s oibutyr a l d e h y d e - 2 - d s o l u t i o n was 
s y r i n g e d i n t o t h e m i x t u r e , which was t h e n shaken, v i g o r o u s l y . 
I n t h e f o l l o w i n g group o f e x p e r i m e n t s t h e s a m p l e s used f o r t h e 
exchange s t u d i e s were p r e p a r e d by i n j e c t i n g t h e c a t a l y s t s i n t o an n . m . r . 
sample t u b e t h a t had been p r e v i o u s l y f i l l e d w i t h n i t r o g e n . In t h e f i r s t 
g roup of e x p e r i m e n t s , 0 ,50 ml o f a b u f f e r composed of 0.422. M_ N-methy 1-
m o r p h o l i n e and 0 ,424 M_ N - m e t h y l m o r p h o l i n i u m p e r c h l o r a t e was s y r i n g e d 
i n t o an n . m . r . sample t u b e . Then a t o t a l of 0 . 2 5 m l . o f 0 . 8 8 M_methyl­
ammonium c h l o r i d e and 0 . 8 8 M_sodium p e r c h l o r a t e was a d d e d . T a b l e 6 g i v e s 
t h e e x a c t q u a n t i t i e s u s e d i n each e x p e r i m e n t and t h e f i n a l c o n c e n t r a -
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t i o r i s . At z e r o t i m e 0 .25 m l . o f i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n was added 
and t h e n . m . r . sample t u b e was shaken. , c apped and p l a c e d i n a 35° c o n ­
s t a n t t e m p e r a t u r e b a t h . The n u c l e a r m a g n e t i c s p e c t r u m was examined 
p e r i o d i c a l l y t o d e t e r m i n e t h e e x t e n t of e x c h a n g e . The i s o b u t y r i c a c i d 
c o n c e n t r a t i o n of t h e a l d e h y d e s o l u t i o n was s m a l l enough t o i g n o r e . 
T a b l e 6 . C o n s t a n t B u f f e r C o n c e n t r a t i o n D e u t e r i u m 
Exchange E x p e r i m e n t s a t I o n i c S t r e n g t h 0 . 4 3 
0 . 2 1 1 M N - M e t h y l m o r p h o l i n e 0 . 1 4 M_ I s o b u t y r a l d e h y d e 
0 .212 M_ N-Methy lmorpho l in ium P e r c h l o r a t e 
E x p e r i m e n t 
No. 2c 
M i l l i l i t e r 
0 . 8 8 M 0 . 8 8 M 
MeNH3Cl NaC10 4 
F i n a l 
C o n c e n t r a t i o n 
MeNHgCl T a b l e Number 
1 6 , 2 6 , 32 0 .25 ' 0 0 .220 67 
17 0 0 . 2 5 0 68 
18 0 .15 0 .10 0 .132 69 
1 9 , 2 7 , 33 0 .20 0 .05 0 .176 70 
2 0 , 29 0 .10 0 .15 0 . 0 8 8 71 
28 0 .05 0 .20 0 . 0 4 4 72 
I n a s e c o n d s e t o f e x p e r i m e n t s a t c o n s t a n t methylammonium c h l o ­
r i d e c o n c e n t r a t i o n , t h e b u f f e r r a t i o was c h a n g e d . The b u f f e r c o n c e n t r a ­
t i o n i n t h e e x c h a n g i n g medium was 0 .187 M_ N - m e t h y l m o r p h o l i n e and 0 .075 
M_ N-me thy lmorpho l i n ium p e r c h l o r a t e . The i n i t i a l b u f f e r c o n c e n t r a t i o n 
was 0 .480 M_ N - m e t h y l m o r p h o l i n e and 0 .176 M_ N - m e t h y l m o r p h o l i n i u m p e r ­
c h l o r a t e . The methylammonium c h l o r i d e c o n c e n t r a t i o n was v a r i e d from 
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0 .035 M t o 0 .176 M a t a ; c o n s t a n t i o n i c * s t r e n g t h o f 0 . 2 5 , The same t e c h ­
n i q u e as u sed b e f o r e was f o l l o w e d w i t h t h e e x c e p t i o n t h a t 0 , 5 0 ml o f 
0 .55 M i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n was u sed making t h e t o t a l vo lume , 
1.25 m l . T a b l e 7 i s a t a b u l a t i o n of t h e e x p e r i m e n t a l d e t a i l s . 
T a b l e 7 , C o n s t a n t B u f f e r C o n c e n t r a t i o n Deu te r ium 
Exchange E x p e r i m e n t s a t I o n i c S t r e n g t h 0 . 2 5 
0 .187 M_ N-Methy lmorpho l ine 0 . 2 2 M I s o b u t y r a l d e h y d e - 2 - d 
0 ,075 M_ N-Methy lmorpho l in ium P e r c h l o r a t e 
E x p e r i m e n t 
No. 2c 
M i l l i l i t e r 
0 .88 M 0 . 8 8 M 
MeNHgCl NaClO^ 
F i n a l 
C o n c e n t r a t i o n 
MeNHgCl T a b l e Number 
21 0 . 0 5 0 .20 0 .035 73 
22 0 .10 0 .15 0 .070 74 
23 0 .25 0 0 .176 75 
24 0 .20 a 0 . 1 2 8 76 
25 0 .20 0 . 0 5 0 . 1 2 8 77 
a 0 , 0 5 m l . of a 3 .2 M_ sodium p e r c h l o r a t e s o l u t i o n t o make t h e 
i o n i c s t r e n g t h 0 , 3 4 . 
In t h e t h i r d g roup o f e x p e r i m e n t s t h e c o n c e n t r a t i o n of m e t h y l ­
ammonium c h l o r i d e r ema ined t h e same and t h e c o n c e n t r a t i o n o f t h e b u f f e r 
was v a r i e d . To p r e p a r e t h e s a m p l e s f o r s t u d y , 0 . 2 5 m l . o f 0 . 8 8 M_ 
methylammonium c h l o r i d e and a t o t a l volume o f 0 . 5 0 m l . o f 0 . 4 2 2 M_ 
N - m e t h y l m o r p h o l i n e — 0 . 3 6 3 M N - m e t h y l m o r p h o l i n i u m p e r c h l o r a t e b u f f e r and 
0 . 3 6 3 M_ sodium p e r c h l o r a t e were i n j e c t e d i n t o an n . m . r . sample t u b e . 
At z e r o t i m e 0 . 2 5 ml of 0 .55 M _ i s o b u t y r a l d e h y d e - 2 - d s o l u t i o n was added 
and t h e s a m p l e s p l a c e d i n a 35° b a t h as b e f o r e . T a b l e 8 i s a summary 
of t h e i n d i v i d u a l e x p e r i m e n t s . 
T a b l e 8 . C o n s t a n t Methylammonium C h l o r i d e C o n c e n t r a t i o n 
E x p e r i m e n t s a t I o n i c S t r e n g t h 0 .40 
0 .22 M Methylammonium C h l o r i d e 
M i l l i l i t e r 
Expe r imen t 
No. 2c B u f f e r 
0 . 3 6 3 M 
NaC10 J + 
F i n a l 
B* 
C o n c e n t r a t i o n 
BH+ 
T a b l e 
Numbe 
4 , 9 0 .40 0 .10 0 ,169 M 0 .145 M 78 
5 0 .30 0 .20 0 .127 M 0 .109 M 79 
6 0 .20 0 .30 0 .084 M 0 . 0 7 3 M 80 
7 0 .50 0 0 . 2 1 1 M 0 .182 M. 81 
CO 0 , 5 0 b 0 0 .154 M 0 . 4 2 4 M 82 
10 0 .25 0 .25 0 .106 M_ 0 . 0 9 1 M 83 
30 0 . 4 0 ° 0 . 1 0 ° 0 .167 M 0 . 1 6 8 M_ 84 
31 0 . 3 0 ° 0 . 2 0 ° 0 .125 M 0 .126 M 85 
a . B i s N - m e t h y l m o r p h o l i n e c o n c e n t r a t i o n , , 
b . I n t h i s e x p e r i m e n t a b u f f e r composed o f 0 . 3 0 8 ^ N - m e t h y l ­
m o r p h o l i n e — 0 .848 M_ N-me thy lmorpho l in ium p e r c h l o r a t e was u s e d . 
c . I n t h i s e x p e r i m e n t a b u f f e r composed of 0 .422 ^ N - m e t h y l ­
m o r p h o l i n e — 0 . 4 2 4 M_ N-me thy lmorpho l in ium p e r c h l o r a t e was u s e d . The 
sodium p e r c h l o r a t e was 0 .424 M_. 
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D e t e r m i n a t i o n o f pKg Va lues f o r Some Amines 
The pKg v a l u e s were d e t e r m i n e d f o r N , N , N J N - M i e t r a m e t h y l e t h y l e n e d i a -
m i n e , N - m e t h y l m o r p h o l i n e , B - d i m e t h y l a m i n o e t h a n o l , t r i e t h y l e n e d i a m i n e and 
N - m e t h y l m o r p h o l i n e by t i t r a t i o n u s i n g a pH m e t e r . The s a m p l e s were 
weighed i n t o a 50 m l . b e a k e r and 25 m l . o f d i s t i l l e d w a t e r was a d d e d . 
The pK of e a c h amine was d e t e r m i n e d a t two i o n i c s t r e n g t h s . The i o n i c 
s t r e n g t h was c o n s i d e r e d t o be t h e i o n i c s t r e n g t h o f s o l u t i o n b e i n g 
t i t r a t e d h a l f way t o t h e e n d p o i n t . The pK was c o n s i d e r e d t o be t h e pH 
a 
of t h e s o l u t i o n h a l f way t o t h e e n d p o i n t . The s o l u t i o n s were s t i r r e d 
w i t h a m a g n e t i c s t i r r e r , b u t t h e s t i r r e r was s t o p p e d when a pH m e a s u r e ­
ment was b e i n g made. The t e m p e r a t u r e o f t h e s o l u t i o n s r a n g e d from 2 5 . 5 ° 
t o 27° . The pKg v a l u e s were d e t e r m i n e d by e x t r a p o l a t i n g t o z e r o i o n i c 
s t r e n g t h a p l o t of t h e pK D v e r s u s t h e i o n i c s t r e n g t h . . The e x t r a p o l a ­te 
t i o n s i n a l l c a s e s e x c e p t t r i e t h y l e n e d i a m i n e were l e s s t h a n 0 .02 pK 
a 
u n i t s . I n t h e c a s e of t r i e t h y l e n e d i a m i n e t h e e x t r a p o l a t i o n was 0 . 0 6 7 
p K a u n i t s . T a b l e 9 i s a c o m p i l a t i o n o f t h e e x p e r i m e n t a l d a t a . 
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E n d p o i n t a 
m l . HC10 4 Used 
0 .0182 M_ 0 .180 M 
N-Methy lmorpho l ine 0 .0519 24 .50 7 .45 
N-Methy lmorpho l ine 0 .1140 5 .90 7 .44 
T r i e t h y l e n e d i a m i n e 0 .0456 22 .50 8.74 
T r i e t h y l e n e d i a m i n e 0 .1088 5.20 8 . 8 1 
8 - D i m e t h y l a m i n o e t h a n o l 0 .0517 30 .50 9 . 2 3 
8 - D i m e t h y l a m i n o e t h a n o l 0 .1108 6 .62 9 .27 
N - M e t h y l i m i d a z o l e 0 .0459 29 .50 7 .07 
N - M e t h y l i m i d a z o l e 0 .1149 7.62 7 .09 
N , N , N , N - T e t r a m e t h y l e t h y l e n e d i a m i n e 0 .0513 21 .20 9 .14 
N,N,N,N-Te t ramet h y l e t h y l e n e d i amine 0 .1076 4 . 7 5 9 . 1 7 
a The 0 .180 M _ p e r c h l o r i c a c i d was measu red w i t h a 1 0 - m l . 
b u r e t t e g r a d u a t e d i n 0 . 0 5 m l . u n i t s . The 0 .0182 M _ p e r c h l o r i c a c i d was 
m e a s u r e d w i t h a 5 0 - m l . b u r e t t e g r a d u a t e d i n 0 .10 m l . u n i t s . 
k pH a t h a l f - e q u i v a l e n c e p o i n t of t i t r a t i o n . 
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CHAPTER I I I 
RESULTS AND DISCUSSION 
Acid S t r e n g t h of I s o b u t y r a l d e h y d e ? H y d r a t e 
Aldehydes can behave as weak a c i d s by t h e a d d i t i o n of h y d r o x y l 
i o n s t o g i v e t h e c o n j u g a t e b a s e o f t h e h y d r a t e . 
R-CHO + OH" X R-CH(OH)0" 
RCH(OH)0~ + H + t RCH(OH)2 
I n aqueous s o l u t i o n s of i s o b u t y r a l d e h y d e t h e r e i s an e q u i l i b r i u m amount 
of t h e i s o b u t y r a l d e h y d e h y d r a t e p r e s e n t . B e l l and McTigue ( 4 2 ) have 
n o t e d t h a t t h e a c t u a l c o n c e n t r a t i o n o f h y d r o x i d e i o n i n b a s i c s o l u t i o n s 
of a l d e h y d e i s n o t t h e f o r m a l c o n c e n t r a t i o n , b u t a l e s s e r v a l u e due t o 
t h e r e a c t i o n of some o f t h e h y d r o x i d e i o n w i t h t h e a l d e h y d e h y d r a t e . 
RCHO + H 2 0 t RCH(OH)2 ^ 
RCH(OH)2 + OH" t RCH(0H)0" + H,?0 K 2 
I f t h e s e e q u a t i o n s a r e combined , 
4 2 . R. P . B e l l and P . T . McTigue , J . Chem. S o c , I 9 6 0 , 2 9 8 3 . 
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RCHO + OH" t RCHOH(0") 
an e q u i l i b r i u m i s o b t a i n e d t h a t i n d i c a t e s t h e u s e o f h y d r o x i d e i o n . 
S ince t h e v a l u e of K-̂  i s known f o r t h e i s o b u t y r a l d e h y d e - i s o b u t y r a l d e h y d e 
h y d r a t e s y s t e m a t 25° from t h e p r e s e n t work t o b e 0 . 6 0 4 , t h e d e t e r m i n a ­
t i o n of K^K^ w o u l d . y i e l d t h e d i s s o c i a t i o n c o n s t a n t f o r t h e i s o b u t y r a l d e ­
hyde h y d r a t e . 
The a c t u a l c o n c e n t r a t i o n s of a l d e h y d e and a n i o n of t h e h y d r a t e 
can b e d e t e r m i n e d by e x a m i n i n g t h e u l t r a v i o l e t s p e c t r a o f i s o b u t y r a l d e ­
hyde i n aqueous s o l u t i o n . On t h e a d d i t i o n o f h y d r o x i d e i o n t o an i s o ­
b u t y r a l d e h y d e s o l u t i o n t h e o p t i c a l d e n s i t y of t h e 285 my peak d r o p s i n a 
d i r e c t r e l a t i o n s h i p t o t h e amount of t h e c o n j u g a t e b a s e o f t h e i s o b u t y r ­
a l d e h y d e h y d r a t e fo rmed . The 0 . D. o f a 0 .1179 M _ i s o b u t y r a l d e h y d e s o l u ­
t i o n ( 1 c e n t i m e t e r c e l l ) i s 1 . 4 6 5 . The 0 . D. o f a s o l u t i o n i n i t i a l l y 
0 .1179 M_ i n t o t a l i s o b u t y r a l d e h y d e and 0 .0964 M i n sodium h y d r o x i d e ( 1 
c e n t i m e t e r c e l l ) i s 1 . 3 8 5 . 
The e q u i l i b r i u m c o n c e n t r a t i o n of f r e e i s o b u t y r a l d e h y d e i s 0 .0695 
M_ and t h e c o n c e n t r a t i o n of c o n j u g a t e b a s e i s 0 .00644 M_. The f i n a l c o n ­
c e n t r a t i o n o f t h e h y d r o x i d e i s e q u a l t o t h e i n i t i a l c o n c e n t r a t i o n , 0 .0964 
M, l e s s t h e amount u s e d i n fo rming t h e c o n j u g a t e b a s e , 0 .00644 M_, r e s u l t ­
i n g i n t h e f i n a l c o n c e n t r a t i o n of hydrox ide , b e i n g 0 .0900 M_. From t h e 
e x t i n c t i o n c o e f f i c i e n t s o f t o t a l i s o b u t y r a l d e h y d e , 1 2 . 4 3 , and i s o b u t y r ­
a l d o l , 2 4 . 4 3 , i t can b e s e e n t h a t i f a l d o l i z a t i o n t a k e s p l a c e t h a t t h e r e 
w i l l be l i t t l e change i n t h e o p t i c a l d e n s i t y . I f t h e e q u i l i b r i u m amount 
of a l d o l (0 .005 M_) i s fo rmed , t h e d i s s o c i a t i o n c o n s t a n t w i l l be i n e r r o r 
by 8 p e r c e n t . 
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H 
C(CHo)otcH(0H)0"] [,.00641+] ^ ^ - ° z - -
. 1 2 ~ [ (CH 3 ) 2 CHCH0] [GH- ] ' [ . 0 6 9 5 ] [ . 0 9 0 ] 
_ C(CH 3)2CH(QH)Q-] l 
K 2 " C(CH 3 ) 2 CH0] [0H- ] " 0 . 6 0 4 
K 2 = 1 .708 
From t h e s e v a l u e s t h e d i s s o c i a t i o n c o n s t a n t , K^> f o r i s o b u t y r -
- 1 4 
a l d e h y d e h y d r a t e w i l l be 1 .71 x 10 . T h i s v a l u e i s n e a r w i t h t h e 
v a l u e s f o r a c e t a l d e h y d e h y d r a t e and fo rma ldehyde h y d r a t e r e p o r t e d by 
B e l l and Onwood ( 4 3 ) . 
In o r d e r t o r e l a t e t h e v a l u e of t h e d i s s o c i a t i o n c o n s t a n t o f , 
i s o b u t y r a l d e h y d e h y d r a t e w i t h t h e a c i d s t r e n g t h o f o t h e r a l c o h o l s a 
T a f t c o r r e l a t i o n can be made. The v a l u e s f o r t h e d i s s o c i a t i o n c o n s t a n t s 
o f s e v e r a l a l c o h o l s and h y d r a t e s a r e l i s t e d i n T a b l e 10 a l o n g w i t h t h e 
t o t a l a* f o r t h e compounds. 
T a b l e 1 0 . S u b s t i t u e n t E f f e c t s f o r I o n i z a t i o n o f RqC0H 
Compound pK. a la* 
CF 3 
- £ - ( 0 . H ) 2 1 0 . 0 0 ( 4 4 ) 4 . 7 5 
C1 3 C-CH(0H) 2 1 0 . 0 4 ( 4 6 ) 4 . 7 1 
4 3 . R, P . B e l l and D. P . Onwood, J . Chem„ S o c . , 1 9 6 2 , 1557 
a Not s t a t i s t i c a l l y c o r r e c t e d . 
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Tab le 1 0 . S u b s t i t u e n t E f f e c t s f o r I o n i z a t i o n of RqC0H ( C o n t i n u e d ) 
Compound la* 
<|>-CH-("CF3)0H 1 1 . 9 0 ( 4 4 ) 3 .67 
CC13CH20H 1 2 . 2 4 ( 4 5 ) 3 . 6 3 
CF 3CH 20H 1 2 . 3 7 ( 4 5 ) 3 .56 
CHC12CH20H 12 .89 ( 4 5 ) 2 .92 
CH=C-CH20H 1 3 . 5 5 ( 4 5 ) 2 . 6 8 
H 2 C ( 0 H ) 2 1 3 . 2 7 (46 ) 2 . 5 5 
CH 3 CH(0H) 2 1 3 . 5 7 (46 ) 2 . 1 6 
C1CH 2-CH 20H 1 4 . 3 1 (45) 2 . 0 3 
Me 2CHCH(0H) 2 1 3 . 7 7 3 1.87 
CH 30-CH 2CH 2OH 1 4 . 8 ( 4 5 ) 1.62 
HOCH2-CH20H 1 4 . 8 ( 4 5 ) 1.54 
HCH20H 1 5 . 0 9 (47 ) 1.47 
CH 3CH 20H 1 5 . 9 3 ( 4 7 ) 0 . 9 8 
a Not s t a t i s t i c a l l y c o r r e c t e d . 
4 4 . R. S t e w a r t and R. Van d e r L i n d e n , Can. J . Chem., 3 8 , 399 
( 1 9 6 0 ) . 
4 5 . P . B a l l i n g e r and F . A. Long, J . Am. Chem. S o c , 8 2 , 795 
( 1 9 6 0 ) . 
4 6 . R. P . B e l l and D. P . Onwood, T r a n s . Fa raday S o c , 58», 1557 
( 1 9 6 2 ) . 
3 
From t h i s w o r k . 
4 7 . J . M u r t o , Ann. Acad. S c i . F e n n i a u e , A. I I , 117 ( 1 9 6 2 ) . 
88 
In t h e c a s e o f t h e h y d r a t e s and e t h y l e n e g l y c o l , i t i s n e c e s s a r y 
t o add t o t h e o b s e r v e d pK^ v a l u e s l o g 2 t o accoun t f o r t h e two p o s s i b l e 
r e a c t i o n s i t e s ( 4 8 ) . E v a l u a t i o n s of a'* f o r t r i f l u o r o m e t h y l and hydroxy 
r a d i c a l had t o be made. As an a p p r o x i m a t i o n t h e v a l u e o f t h e <J* v a l u e 
o f t h e r a d i c a l was assumed t o be e q u a l t o 2 . 8 t i m e s t h e a o f 0 . 9 2 and 
t h e H0CH 2- h a s a v a l u e of 0 . 5 6 . The a v a l u e s f o r t h e t r i f l u o r o m e t h y l 
and t h e h y d r o x y l r a d i c a l a r e 2 . 5 8 and 1 , 5 7 , r e s p e c t i v e l y . 
F i g . 2 i s a p l o t of Ea* v e r s u s t h e pK^ o f t h e compound. A v a l u e 
of l.i+M- i s o b t a i n e d f o r p* wh ich compares w e l l w i t h t h e v a l u e o f 1.42 
o b t a i n e d by B a l l i n g e r and Long (45) and t h e v a l u e o f 1.36 c a l c u l a t e d by 
T a f t (50) f o r a l c o h o l s from t h e work of Hine and Hine ( 5 1 ) . 
D e a l d o l i z a t i o n of I s o b u t y r a l d o l 
In o r d e r t o s t u d y t h e b a s e - c a t a l y z e d d e a l d o l i z a t i o n of i s o b u ­
t y r a l d o l i t was n e c e s s a r y t o a n a l y z e t h e n u c l e a r m a g n e t i c r e s o n a n c e 
s p e c t r a of i s o b u t y r a l d e h y d e and i s o b u t y r a l d o l t o o b t a i n t h e c o n c e n t r a ­
t i o n s of t h e s e compounds a t v a r i o u s t i m e s d u r i n g t h e r e a c t i o n . The 
t e c h n i q u e u s e d t o d e t e r m i n e t h e e x t e n t of exchange i n t h e k i n e t i c s 
s t u d i e s was t o p r e p a r e a s e r i e s of s y n t h e t i c m i x t u r e s and draw a c a l i ­
b r a t i o n c u r v e . The t e c h n i q u e u s e d i n t h i s s t u d y i s an a n a l y s i s o f t h e 
n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a . 
4 8 . S. W. Benson , J . Am. Chem. S o c , 8 0 , 5151 ( 1 9 5 8 ) . 
4 9 . M. S. Newman, e d . , S t e r i c E f f e c t s i n O r g a n i c C h e m i s t r y , 
John Wiley and S o n s , I n c . , New York , N. Y . , 1956„ p . 5 9 2 . 
5 0 . R. W. T a f t , J r . , J . Am. Chem. S o c , 75_, 4231 ( 1 9 5 3 ) . 
5 1 . J . Hine' and M. H i n e , J . >itf. Chem. Soc , . , 74_> 5 2 6 6 ( 1 9 5 2 ) . 
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I t would seem t h a t i f i t were p o s s i b l e t o d e t e r m i n e t h e c o n c e n t r a ­
t i o n of p r o t o n s c a u s i n g a peak o r g roup o f p e a k s , t h e n one c o u l d d e t e r ­
mine t h e c o n c e n t r a t i o n of t h e compound. T h i s would f o l l o w from t h e a s ­
sumpt ion t h a t t h e a r e a of a n u c l e a r m a g n e t i c r e s o n a n c e s i g n a l i s p r o p o r ­
t i o n a l t o t h e c o n c e n t r a t i o n of p r o t o n s i n a p a r t i c u l a r e n v i r o n m e n t 0 Then 
some p r o p o r t i o n a l i t y c o n s t a n t , N , m u l t i p l i e d by t h e s i g n a l a r e a s h o u l d 
g i v e t h e c o n c e n t r a t i o n of n u c l e i u n d e r a g i v e n s e t o f c o n d i t i o n s ( 5 2 ) . 
I n t h e c a s e of i s o b u t y r a l d o l t h e h y d r o g e n s i n t h e two 6 - m e t h y l g roups 
p r o d u c e a s h a r p s i n g l e t a t 8 . 9 2 x . AS d i s c u s s e d p r e v i o u s l y i n P a r t I , 
t h e area , of t h e s i g n a l i s t h e p r o d u c t of t h e w i d t h o f t h e s i g n a l a t h a l f -
h e i g h t and t h e h e i g h t o f t h e s i g n a l , , 
The a r e a o f t h e 8 . 9 2 T peak from t h e 6 - m e t h y l g r o u p s i n i s o b u t y r ­
a l d o l i n w a t e r i s p r o p o r t i o n a l t o t h e number of p r o t o n s c a u s i n g t h e 
tit -i 
s i n g l e t ( 6 ) and t h e c o n c e n t r a t i o n o f i s o b u t y r a l d o l C d B A ^ ] assuming 
t h e r e i s no h y d r a t e fo rmed . I f t h e p r o p o r t i o n a l i t y c o n s t a n t i s N , t h e 
a r e a i s : 
CAreal no = 6;N a [ ( IBA) 2 : i 8 .9 2 T 
I n t h e c a s e o f i s o b u t y r a l d e h y d e t h e s i t u a t i o n i s s l i g h t l y more 
c o m p l i c a t e d b e c a u s e t h e 6 - m e t h y l g roups a r e s p l i t i n t o a d o u b l e t and t h e 
a l d e h y d e i s p a r t i a l l y h y d r a t e d . The a r e a of t h e 8 .58x peak of t h e doub­
l e t of t h e I ^ C H - g r o u p i s p r o p o r t i o n a l t o t h e number of p r o t o n s c a u s i n g 
t h e d o u b l e t ( 6 ) , t h e f r a c t i o n of t h e t o t a l a r e a o f d o u b l e t i n t h e 8 „ 5 8 T 
5 2 . J . D. R o b e r t s , N u c l e a r M a g n e t i c R e s o n a n c e , McGraw-Hi l l Book 
C o . , I n c . , New York, N. Y . , 1959 , p . 3 0 . 
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peak ( 0 . 5 4 ) , t h e t o t a l i s o b u t y r a l d e h y d e c o n c e n t r a t i o n [IBAlp and t h e 
f r a c t i o n of t h e a l d e h y d e p r e s e n t as f r e e a l d e h y d e ( 0 . 7 0 ) . 
[ A r e a ] g 5 g x = 6 N o ( 0 . 5 4 ) ( 0 . 7 0 ) [ I B A . 3 r 
The k i n e t i c s of a p s e u d o - f i r s t o r d e r r e a c t i o n f o l l o w t h e form: 
( IBA)° 
k t = l n [ 2 — ] 
( I BA ) ° - x 
2 
i n t h e d e a l d o l i z a t i o n o f i s o b u t y r a l d o l , where x i s t h e amount of a l c o ­
h o l r e a c t e d . 
( I B A ) 2 •> 2(IBA) 
T h e r e f o r e , a t any t i m e 
C(IBA)°] = [IBA]_ + 1 / 2 [ I B A ] T 2 2 T 
The form of t h e k i n e t i c e q u a t i o n becomes 
[ ( I B A ) 9 ] + 1 / 2 [ I B A ] T 
k t = l n [ — ] 
C ( I B A ) 2 ] 
o r 
6N Q [B] 
6 N T A ] + 1/2 ( 0 . 5 4 ) ( 0 . 7 0 ) 
k t = l n [ — ° - ] ( 1 ) 
6N [A] 
where B and A r e p r e s e n t t h e a r e a s of s i g n a l due t o t h e 8 . 5 8 T peak of 
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i s o b u t y r a l d e h y d e and t h e 8 , 9 2 T peak o f i s o b u t y r a l d o l , r e s p e c t i v e l y . 
To s t u d y t h e k i n e t i c s u s i n g E q u a t i o n 1 a t t e m p t s were made t o add 
d i l u t e sodium h y d r o x i d e t o i s o b u t y r a l d o l s o l u t i o n , a n d f o l l o w t h e d e a l d o ­
l i z a t i o n . However, i n u n b u f f e r e d s o l u t i o n s s m a l l amounts o f o x i d a t i o n 
made t h e s t u d y i m p o s s i b l e . ' B u f f e r s o f t r i e t h y l e n e d i a m i n e and t r i m e t h y l ­
amine were u s e d and b o t h g i v e t h e same v a l u e w i t h i n e x p e r i m e n t a l e r r o r . 
The v a l u e of t h e s e c o n d - o r d e r r a t e c o n s t a n t f o r t h e t r i m e t h y 1 a m i n e -
b u f f e r e d e x p e r i m e n t would f a l l a t 6 ,50 l . - m T 1 - s e c T 1 i f t h e pK g v a l u e 
were i n e r r o r 0 .025 u n i t s . 
Tab le 1 1 . D e a l d o l i z a t i o n o f I s o b u t y r a l d o l by Hydrox ide I o n 
B u f f e r [ B ] a [BH] k o b s . x l O 4 [ O H ] l . - m t i s e c T 1 
T r i e t h y l e n e d i a m i n e 0.039M 0 .00734M 1.55 2 . 5 2 6 .15 
T r i e t h y l e n e d i a m i n e 0 .0229M 0 .0158 M 0.4(53 0 . 6 8 6 .82 
T r ime t h y 1 oami ne 0.0086M 0 .0070 M 4 . 1 0 7 .76 5 .28 
a . B i s t h e c o n c e n t r a t i o n of t h e amine i n t h e b u f f e r . 
S i n c e t h e e q u i l i b r i u m c o n s t a n t f o r t h e a l d e h y d e - a l d o l e q u i l i b r i u m 
i s known from o t h e r work a t 2 5 ° , i t was p o s s i b l e t o e s t i m a t e t h e r a t e 
c o n s t a n t s i f t h e r e a c t i o n p r o c e e d s t o an e q u i l i b r i u m c o n c e n t r a t i o n . The 
t r i m e t h y l a m i n e - b u f f e r k i n e t i c s were s t u d i e d t o t e s t t h i s p o s s i b i l i t y . 
I n t h i s r e a c t i o n t h e r e a c t a n t s and p r o d u c t s have a p p r o a c h e d n e a r e r t o 
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t h e i r e q u i l i b r i u m v a l u e s t h a n i n t h e o t h e r two c a s e s s t u d i e d ; t h e r e f o r e , 
a k i n e t i c form t h a t t a k e s t h e e q u i l i b r i u m i n t o a c c o u n t s h o u l d show t h e 
b i g g e s t e f f e c t i n . t h i s c a s e . The v a l u e s of t h e s e c o n d - o r d e r r a t e c o n ­
s t a n t f o r t h e r e a c t i o n i s 5 .35 l . - m T 1 - s e c T 1 u s i n g t h e k i n e t i c e q u a t i o n 
t h a t c o n s i d e r s t h e e q u i l i b r i u m (53 ) a s suming t h e e q u i l i b r i u m c o n s t a n t 
i s t h e same a t 35° as a t 2 5 ° . The s e c o n d - o r d e r r a t e c o n s t a n t i s 5 .28 
l . -mT^-secT"^ f o r a s i m p l e s e c o n d - o r d e r t r e a t m e n t . S i n c e t h e e q u i l i b r i u m 
w i l l p r o b a b l y be s h i f t e d even f u r t h e r toward a l d e h y d e a t 35° as j u d g e d 
by d a t a o b t a i n e d u s i n g a c e t o n e and u s i n g i s o b u t y r a l d e h y d e i n a h e t e r ­
ogeneous s o l u t i o n ( 2 3 , 5 4 ) , t h e d i f f e r e n c e i n t h e two t r e a t m e n t s w i l l 
be even s m a l l e r . 
The d e a l d o l i z a t i o n of i s o b u t y r a l d o l would be e x p e c t e d t o f o l l o w 
a m e c h a n i s t i c p a t h a n a l o g o u s t o t h e one a s c r i b e d t o t h e d e a l d o l i z a t i o n 
of d i a c e t o n e a l c o h o l ( 2 ) and t h e r e v e r s e of t h e p a t h d e s c r i b e d f o r t h e 
a l d o l i z a t i o n of a c e t a l d e h y d e (55 ) i n which i t i s assumed t h a t t h e f i r s t 
s t e p i s an e q u i l i b r i u m s t e p ( i . e . , k _ 1 [ B H + ] >> k 2 ) . 
Me2CH?HCMe2CHO + OH" ^ Me^CH^HMe^CHO + H O 
k - l 
o - k 2 
Me2CHCHCMe2CH0 t Me2CHCH0 + Me2CCH0 
: k - l 
5 3 . A. A. F r o s t and R. G. P e a r s o n , K i n e t i c s and Mechan i sms , 2nd 
e d . , John Wiley and S o n s , I n c . , New York , N . Y . , 1 9 6 1 , p . 1 8 6 . 
5 4 . W. H e r o l d , Z . P h y s i k . Chem. , 1 8 B , 265 ( 1 9 3 2 ) . 
5 5 . J . H i n e , P h y s i c a l O r g a n i c C h e m i s t r y , 2nd e d . , McGraw-Hil l 
Book C o . , I n c . , New York , N . Y . , 1 9 6 2 , s e c . 1 1 - 3 b . 
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. k B H + 
Me CCHO + BH t Me0CHCHO + B 
2 kH 2 
B 
k t •H 20 




Me2CCHO + H 3 0 + X M e 2 C H C H 0 + H 2 ° 
kco 
From s t u d i e s made d u r i n g t h e p r e s e n t w o r k , i t h a s been shown t h a t 
t h e a t t a c k o f w a t e r c o n t r i b u t e s n e g l i g i b l y t o t h e r a t e o f f o r m a t i o n o f 
c a r b a n i o n s from i s o b u t y r a l d e h y d e u n d e r t h e c o n d i t i o n s u s e d i n t h e d e ­
a l d o l i z a t i o n k i n e t i c e x p e r i m e n t s . From t h i s o b s e r v a t i o n and t h e p r i n c i ­
p l e o f m i c r o s c o p i c r e v e r s i b i l i t y , i t f o l l o w s t h a t a n e g l i g i b l e f r a c t i o n 
of t h e c a r b a n i o n s from i s o b u t y r a l d e h y d e a r e p r o t o n a t e d by hydronium i o n s 
C o n s i d e r i n g t h e r a t e - d e t e r m i n i n g s t e p t o b e i r r e v e r s i b l e and making 
t h e s t e a d y s t a t e a p p r o x i m a t i o n f o r t h e i n t e r m e d i a t e a l k o x i d e i o n and 
c a r b a n i o n , t h e r a t e of d i s a p p e a r a n c e of i s o b u t y r a l d e h y d e i s : 
k x k (k H + [ B H + ] + k H 2 o ) [ O H - ] [ ( I B A ) 2 ] 
v = — ( 2 ) 
k _ 1 ( k _ 2 [ I B A ] + k B H + [ B H + ] + k H 0 ) 
+ 
where ( I B A ) 2 r e p r e s e n t s t h e a l d o l , IBA i s o b u t y r a l d e h y d e and BH t h e 
a c i d i c component of t h e b u f f e r . 
To g e t c o n s t a n t f i r s t - o r d e r r a t e c o n s t a n t s i n t h e d e a l d o l i z a t i o n 
s t u d i e s i t i s n e c e s s a r y t h a t t h e t e r m , kgLj+[BH +] + k^ Q S be c o n s i d e r a b l y 
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l a r g e r t h a n k _ 2 [ I B A ] , t h a t i s t o s a y , t h e p r o t o n a t i o n i s t h e u s u a l f a t e 
of t h e i s o b u t y r a l d e h y d e c a r b a n i o n s u n d e r t h e c o n d i t i o n s u s e d . With t h i s 
a s s u m p t i o n , E q u a t i o n 2 r e d u c e s t o : 
k k 
V d = - J - 2 - C ( IBA) 2 ] [OH"] ( 3 ) 
k - l 
To j u s t i f y i g n o r i n g k _ 2 [ I B A ] w i t h r e s p e c t t o k g ^ + [ B H + ] + k^ Q , 
t h e f o l l o w i n g c a l c u l a t i o n s can be made. The e q u i l i b r i u m c o n s t a n t f o r 
a l d o l i z a t i o n may be s t a t e d , 
. k _ 1 k . 2 k 0 H - k - l k - 2 k B 
K a = 
k l k 2 k H 2 0 k l k 2 k H B K B 
where Kg i s t h e i o n i z a t i o n c o n s t a n t f o r B. 
The r a t e c o n s t a n t f o r r emova l of a p r o t o n - from i s o b u t y r a l d e h y d e 
by h y d r o x i d e i o n i s n o t a v a i l a b l e . In t h i s work,, howeve r , t h e r a t e con-
-2 
s t a n t f o r d e u t e r i u m remova l by h y d r o x i d e was found t o be 3 . 3 x 10 
l . - m . - s e c . " ' " The a l d o l i z a t i o n e q u i l i b r i u m c o n s t a n t i s 0 .70 and t h e 
s e c o n d - o r d e r r a t e c o n s t a n t f o r d e a l d o l i z a t i o n , k ^ k 2 / k _ ^ , i s r o u g h l y s i x 
l . - m . - s e c . " ' " The t e r m , k^ A / k n , can be s t a t e d 
H 2 0 -2 
V k - 2 = - 8 X 1 0 " 3 ( k O H - / k o V ^ <*> 2 1 2 a - 1 
D q q 
Us ing t h e same t e c h n i q u e w i t h t h e v a l u e s o f k ( 6 . 5 x 1 0 ° and 1.6x10 0 
B 
l . - m T - s e c T l r e s p e c t i v e l y ) and pK g ( 5 . 3 3 and 4 . 2 0 , r e s p e c t i v e l y ) f o r 
H D 
t r i e t h y l e n e d i a m i n e and t r i m e t h y l a m i n e v a l u e s of 3 3 6 ( k g / k g ) and 61 
H D 
( k ^ / k g ) , r e s p e c t i v e l y , can be c a l c u l a t e d f o r k ^ g / k _ 2 . . These c a l c u l a -
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t i o n s show t h a t i n t h e d e a l d o l i z a t i o n s t u d i e s u s i n g t r i e t h y l e n e d i a m i n e 
and t r i m e t h y l a m i n e b u f f e r s (even u s i n g t h e l e a s t f a v o r a b l e k i n e t i c i s o ­
t o p e e f f e c t of u n i t y and t h e l e a s t f a v o r a b l e b u f f e r , t r i m e t h y l a m i n e -
t r imethy lammonium i o n ) t h e i n t e r m e d i a t e c a r b a n i o n h a s been p r o t o n a t e d 
more t h a n 9 t i m e s ou t of 10 a t 80 p e r c e n t r e a c t i o n . 
However, w i t h o u t a b u f f e r , t h e s i t u a t i o n i s somewhat d i f f e r e n t . 
A c c o r d i n g t o t h e r e s u l t s i n E q u a t i o n 4 t h e d e a l d o l i z a t i o n o f 0 0 04-24 M_ 
i s o b u t y r a l d o l i n t h e p r e s e n c e o f a sodium h y d r o x i d e c a t a l y s t would 
H D 
r e s u l t i n p r o t o n a t i o n of c a r b a n i o n s , u s i n g koH-V^OH" o f 6 , 50 p e r c e n t 
H D 
of t h e t i m e . I f a v a l u e f o r koH~AoH" ° ^ u n i t y i s u sed t h e c a r b a n i o n i s 
p r o t o n a t e d o n l y 14 p e r c e n t of t h e t i m e . Th i s would p r o v i d e an a d d i ­
t i o n a l r e a s o n why i n d e a l d o l i z a t i o n s t u d i e s w i t h sodium h y d r o x i d e t h e 
f i r s t - o r d e r r a t e c o n s t a n t s f e l l . 
D e t e r m i n a t i o n of t h e I s o b u t y r a r d e h y d e -
I s o b u t y r a l d o l E q u i l i b r i u m C o n s t a n t 
In o r d e r t o f i n d t h e e q u i l i b r i u m c o n s t a n t f o r t h e r e a c t i o n 
2 [ I B A ] F t ( I B A ) 2 K a 
b o t h u l t r a v i o l e t s p e c t r a and n u c l e a r m a g n e t i c r e s o n a n c e s p e c t r a l d a t a 
were u s e d . Th i s was done b e c a u s e t h e c o n c e n t r a t i o n p r o p o r t i o n a l i t y 
c o n s t a n t be tween a c t u a l c o n c e n t r a t i o n and s i g n a l a r e a w i l l n o t c a n c e l 
o u t as i t d i d i n t h e k i n e t i c s of d e a l d o l i z a t i o n e x p r e s s i o n . The r a t i o 
of t h e c o n c e n t r a t i o n of i s o b u t y r a l d e h y d e t o i s o b u t y r a l d o l i n a s a t u r a ­
t e d s o l u t i o n a t 25° can be o b t a i n e d from t h e n u c l e a r m a g n e t i c r e s o n a n c e 
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s p e c t r u m which was made a t 3 5 ° . The a l d e h y d e - a l d o l e q u i l i b r i u m was f rozen 
by a d d i n g a c e t i c a c i d t o n e u t r a l i z e t h e b a s e . The r a t i o of t o t a l i s o b u ­
t y r a l d e h y d e t o i s o b u t y r a l d o l s h o u l d be t h e same a t 2 5 c and 3 5 ° . How­
e v e r , t h e f r e e i s o b u t y r a l d e h y d e c o n c e n t r a t i o n w i l l v a r y d e p e n d i n g on t h e 
d e g r e e of h y d r a t i o n . S i n c e t h e p e r c e n t h y d r a t i o n o f i s o b u t y r a l d e h y d e 
i s known a t b o t h t e m p e r a t u r e s and t h e a l d o l i s n o t d e t e c t a b l y h y d r a t e d , 
t h e c o n c e n t r a t i o n o f f r e e i s o b u t y r a l d e h y d e can be d e t e r m i n e d a t 25° from 
t h e n u c l e a r m a g n e t i c r e s o n a n c e d a t a a t 35°„ 
From t h e s e c t i o n on d e a l d o l i z a t i o n t h e t o t a l i s o b u t y r a l d e h y d e c o n ­
c e n t r a t i o n a t 35° i s : 
r a i i 6 N Q [ ° B ] 
[ I B A ] T = ( # 5 [ + 1 ) ( . 7 o ) 
The c o n c e n t r a t i o n o f i s o b u t y r a l d o l ' I s . 
i " ' 
C ( I B A ) 2 ] = 6N Q [A] 
where B and A a r e t h e a r e a s of t h e 8.58T i s o b u t y r a l d e h y d e s i g n a l and t h e 
8.92.x i s o b u t y r a l d o l s i g n a l , r e s p e c t i v e l y . The r a t i o of t o t a l i s o b u t y r a l -
dehydfe t o i s o b u t y r a l d o l a t 35° i s 
[ I B A ] T _ 2 . 6 4 [ B ] 
[ ( I B A ) 2 ] * - [A] 
From t h e n u c l e a r m a g n e t i c r e s o n a n c e d a t a a t 35° t h e r a t i o i s t h e n 1 7 . 8 4 . 
From u l t r a v i o l e t d a t a a t 2 5 ° , t h e a b s o r b a n c e o f t h e s a t u r a t e d a l d o l -
a l d e h y d e s o l u t i o n i s 1 . 4 4 0 . I n t h e e q u i l i b r i u m i t i s n e c e s s a r y t o u s e 
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t h e f r e e a l d e h y d e c o n c e n t r a t i o n which i s t h e p r o d u c t o f t h e p e r c e n t 
f r e e a l d e h y d e and t h e t o t a l a l d e h y d e c o n c e n t r a t i o n . An aqueous i s o ­
b u t y r a l d e h y d e s o l u t i o n c o n t a i n s 62 p e r c e n t f r e e a l d e h y d e . The u l t r a ­
v i o l e t a b s o r b e n c e i s e q u a l t o t h e f o l l o w i n g : 
1 9 . 9 3 [ I B A ] p + 24 , 7 8 [ ( I B A ) 2 ] = 1.440 
where 
[ I B A ] T = 1 7 . 8 4 [ ( I B A ) 2 : and [ IBA]p = [IBA]^, .62 
Then [ IBA]^ o r t h e f r e e a l d e h y d e c o n c e n t r a t i o n i s 0 .0646 M_ and t h e i s o ­
b u t y r a l d o l c o n c e n t r a t i o n i s 0 .00587 M_. S i n c e t h e s o l u t i o n s u sed were 
d i l u t e d 1:1 w i t h d i s t i l l e d w a t e r t h e c o n c e n t r a t i o n s of t h e s a t u r a t e d 
s o l u t i o n a r e t w i c e t h o s e g i v e n above o r 
C ( I B A ) 0 ] 
~ = 0 .70 
C.IBA]2 
a t 2 5 ° . 
Deu te r ium Exchange. K i n e t i c s a t 35° C 
Before a g e n e r a l d i s c u s s i o n can be made o f t h e v a r i o u s c a t a l y t i c 
r a t e c o n s t a n t s o b t a i n e d f o r t h e v a r i o u s compounds i n t h e d e u t e r i u m e x ­
change e x p e r i m e n t s , i t i s n e c e s s a r y t o look a t t h e c o r r e c t i o n s t h a t 
were made on t h e o b s e r v e d f i r s t - o r d e r r a t e c o n s t a n t s . Then i t w i l l be 
99 
p o s s i b l e t o look a t t h e r e l a t i o n s h i p o r B r o n s t e d Law p l o t be tween t h e l o g 
of t h e c a t a l y t i c r a t e c o n s t a n t and t h e pKg. From t h i s p l o t c e r t a i n con­
c l u s i o n s can be drawn c o n c e r n i n g t h e exchange r e a c t i o n . 
There a r e two g e n e r a l d i f f i c u l t i e s i n t h e s t u d y of t h e exchange 
r e a c t i o n u s i n g t h e s e c a t a l y s t s . I n t h e c a s e s where v e r y h i n d e r e d b a s e s 
were s t u d i e d i n t h e p y r i d i n e s e r i e s , 2 , 6 - d i m e t h y l p y r i d i n e and 2 , 4 , 6 -
t r i m e t h y l p y r i d i n e — t h e compounds c o u l d be u s e d on ly a t t h e v e r y low c o n ­
c e n t r a t i o n b e c a u s e o f t h e l i m i t e d s o l u b i l i t y o f t h e amines i n w a t e r . 
T h i s means t h a t t h e s t u d y would have t a k e n w e e k s . In most of t h e s t u d i e s , 
t h e e x p e r i m e n t s l a s t e d no l o n g e r t h a n one w e e k . A f t e r a b o u t two w e e k s , 
t h e i s o b u t y r a l d e h y d e - 2 - d b e g i n s t o b e o x i d i z e d enough due t o l e a k a g e 
t h r o u g h t h e p l a s t i c caps t o cause s e r i o u s c o n c e r n . For t h i s r e a s o n , 
t h e v a l u e s g i v e n f o r t h e v e r y s low h i n d e r e d amine r e p r e s e n t s a maximum 
v a l u e o f t h e r a t e . The s econd d i f f i c u l t y i s e n c o u n t e r e d w i t h t h e v e r y 
s t r o n g b a s e s as h a s been m e n t i o n e d b e f o r e . The a l d o l c o n d e n s a t i o n i s 
r a p i d i n t h e s t r o n g e r b a s e s . To a v o i d t h i s c o m p l i c a t i o n v e r y d i l u t e 
amine b u f f e r s must be u s e d . T h i s means t h a t t o o b t a i n t h e c o n c e n t r a t i o n 
of f r e e a m i n e , i t i s n e c e s s a r y i n r e l a t i v e t e r m s t o s u b t r a c t one l a r g e 
number , t h e i s o b u t y r i c a c i d c o n c e n t r a t i o n from a n o t h e r , t h e i n i t i a l 
amine c o n c e n t r a t i o n t o o b t a i n a s m a l l number , t h e f i n a l amine c o n c e n ­
t r a t i o n . T h i s t r o u b l e was min imized by t i t r a t i n g s ample s o f t h e r e ­
a c t i n g m i x t u r e s e v e r a l t i m e s d u r i n g a k i n e t i c e x p e r i m e n t . A l s o , t h e s e 
s t r o n g b a s e s p romoted f a s t exchange which meant on ly s h o r t p e r i o d s of 
t i m e were a v a i l a b l e f o r t h e s t u d y . The s o l u t i o n s would b e g i n t o c l o u d 
i f t r i m e r i z a t i o n became a p r o b l e m . 
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In t h e c a s e of t h e a c e t i c a c i d b u f f e r s t u d y t h e k i n e t i c s were 
run a t two b u f f e r r a t i o s t o l e a r n w h e t h e r t h e an ion a n d / o r t h e f r e e 
a c i d were c a t a l y z i n g t h e r e a c t i o n . The two e x p e r i m e n t s gave r e a s o n a b l e 
agreement when t h e a c e t i c a c i d c o n c e n t r a t i o n was c o m p l e t e l y i g n o r e d . 
T a b l e 1 2 . A c e t i c A c i d - A c e t a t e Ion K i n e t i c s a t Two B u f f e r R a t i o s 
k o b s x l ° 7 k c a t x l 0
7 
A c e t i c Acid A c e t a t e sec"-'- l . - m . - s e c . 1 
0 .156 M 0 . 8 3 3 M 7 .40 8 .67 
0 .319 M 0 .319 M 3.00 8 .83 
Hydrox ide I o n - C a t a l y z e d Deu te r ium Exchange Term 
The r a t e s have been c o r r e c t e d f o r h y d r o x i d e i o n , w a t e r , and 
i s o b u t y r a t e i o n - c a t a l y s i s . I n t h e e x p e r i m e n t s t h a t i n v o l v e i n e f f e c t i v e 
c a t a l y s t s t h e v e r y s m a l l amount of h y d r o x i d e i o n c a t a l y s i s becomes 
n o t i c e a b l e . In t h e c a s e of t h e a c e t a t e exchange s t u d y t h e c o r r e c t i o n 
amounted t o l e s s t h a n 1 p e r c e n t . 
To c o r r e c t f o r h y d r o x i d e i o n c a t a l y s i s , a l l t h e e x p e r i m e n t s were 
made i n t h e f o l l o w i n g way. The h y d r o x i d e i o n c o n c e n t r a t i o n was o b ­
t a i n e d from t h e f o l l o w i n g e q u a t i o n i n a l l c a s e s 
K - [ B H + ] [ 0 H ] 
B [B] 
where [B] i s t h e b a s e i n q u e s t i o n and [ B H + ] i s t h e c o n j u g a t e a c i d o f 
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t h a t b a s e . The v a l u e s o f [B] and [BH + ] used were i n most c a s e s c o r r e c t e d 
on t h e a s s u m p t i o n t h a t t h e i s o b u t y r i c a c i d was c o m p l e t e l y n e u t r a l i z e d . 
T h i s a s s u m p t i o n was checked w i t h s e v e r a l o f t h e weak b a s e s and w i t h t h e 
e x c e p t i o n of a c e t a t e i o n , p y r i d i n e , and t r i m e t h y l a m i n e - N - o x i d e c a s e s 
t h e i s o b u t y r i c a c i d was o v e r 90 p e r c e n t n e u t r a l i z e d . The compounds 
were c o r r e c t e d f o r t h e a c t u a l amount n e u t r a l i z e d . Tab le 13 i n d i c a t e s 
t h e magn i tude o f t h e c o r r e c t i o n s made f o r h y d r o x i d e i o n c a t a l y s t s . When 
t h e c o r r e c t i o n was n e g l i g i b l e t h e amine i s n o t l i s t e d . 
I n no c a s e i s t h e hydrogen i o n - c a t a l y z e d exchange t e r m l a r g e 
enough t o c o n s i d e r b e c a u s e t h e c o m b i n a t i o n of a low r a t e c o n s t a n t and 
a low hydrogen i o n c o n c e n t r a t i o n make t h e t e r m n e g l i g i b l e . 
Tab le 1 3 . C o r r e c t i o n f o r Hydrox ide Ion C a t a l y s i s 
Expe r imen t 
Number Compound [ 0 H ] x l 0 6 
k
0 H C 0 H ] x l 0 ° 
u n - 1 - 1 
l . - m . - s e c . 
k ° b l 
l o - m T - s e c o 
18 2 , 4 - L u t i d i n e 1 .21 4 . 0 3 1 . 8 5 x l 0 " 6 
19 Pheno l 71 .9 2 3 . 7 3 4 . 6 1 X 1 0 " 5 
20 B-Dime thy l aminoe thano l 2 4 . 8 81c 84 2 . 7 3 x l 0 " 5 
21 T r i e t h y l a m i n e 152 .0 509 .0 1 . 5 6 x l 0 " 5 
22 m - C h l o r o p h e n o l 9 .44 31 .15 1 . 9 x l 0 " 5 
23 p_-Chlorphenol 1 7 . 1 56 .43 5 . 1 3 x l 0 " 5 
24 m - N i t r o p h e n o l 1.15 3 .795 4 . 0 8 X 1 0 " 6 
26 p - C r e s o l 95 .2 314 .2 8 . 0 3 x l 0 " 5 
27 P h e n o l 87 .9 2 9 0 . 1 5 . 2 5 x l 0 " 5 
28 N - M e t h y l d i e t h y l a m i n e 6 8 . 1 2 2 4 . 7 1 . 3 8 x l 0 " 4 
1 
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Tab le 1 3 . C o r r e c t i o n f o r Hydroxide Ion C a t a l y s i s ( C o n t i n u e d ) 
Expe r imen t 
Number Compound [ O H ] x l 0 6 
k O H C O H ] x l 0 8 
l . - m . - s e c . 1
 oh-i - i 
l . - m . - s e c . 
35 2 , 4 , 6 - T r i m e t h y l p y r i d i n e 0 .16 .528 l . l x l O " 7 
36 2 , 6 - D i m e t h y l p y r i d i n e 0 .024 .0792 8 . 5 5 x l 0 ~ 8 
37 o - C r e s o l 6 3 . 5 2 0 9 . 6 5 . 4 5 x l 0 " 5 
42 T r i e t h a n o l a m i n e 0 .984 3 .247 9 . 1 1 x l 0 " 7 
47 N - M e t h y l p y r r o l i d ine 154 .0 508 .2 1 . 1 8 x l 0 " 4 
48 N - M e t h y l p i p e r i d i n e 118 .0 389 .4 2 . 6 3 x l 0 ~ 5 
To o b t a i n t h e c a t a l y t i c r a t e c o n s t a n t f o r h y d r o x i d e i o n i t was 
n e c e s s a r y t o c o n s i d e r t h e a c i d i t y of t h e i s o b u t y r a l d e h y d e h y d r a t e . B e l l 
and McTigue (1 ) have found i n t h e i r s t u d y of t h e a l d o l i z a t i o n of a c e t a l ­
dehyde t h a t t o o b t a i n t h e a c t u a l h y d r o x i d e c o n c e n t r a t i o n i n an aqueous 
a l d e h y d e s o l u t i o n t h e h y d r a t e a c i d i t y must be c o n s i d e r e d . . The i o n i z a ­
t i o n c o n s t a n t o f i s o b u t y r a l d e h y d e h y d r a t e has been d e t e r m i n e d i n t h i s 
- 14 
work t o be 1 .71 x 10 . To c o r r e c t t h e h y d r o x i d e i o n c o n c e n t r a t i o n t h e 
f o l l o w i n g e q u i l i b r i u m must be c o n s i d e r e d . 
CIBA] F + H 2 0 t [ IBA0H 2 ] 
[ IBA0H 2 ] + [OH] X CIBAOH ] + H 2 0 K. 
From P a r t I , t h e v a l u e of t h e h y d r a t i o n e q u i l i b r i u m c o n s t a n t 
i s 0 . 4 2 3 a t 3 5 ° . T h e r e f o r e 
103 
K A K Hy 
— = 0 . 7 6 4 
To d e t e r m i n e t h e f i n a l h y d r o x i d e i o n c o n c e n t r a t i o n t h e f o l l o w i n g method 
i s u s e d 
[JBAOH"] 
~— = 0 .764 
[XBA] F[QH1 . . 
The h y d r o x i d e c o n c e n t r a t i o n i s the ' 1 i n i t i a l h y d r o x i d e i o n c o n c e n t r a t i o n 
minus t h e c o n c e n t r a t i o n o f i s o b u t y r a l d e h y d e h y d r a t e a n i o n . 
The c o r r e c t i o n s f o r t h e a c i d i t y o f t h e i s o b u t y r a l d e h y d e h y d r a t e 
i s n e g l i g i b l e i n a l l t h e s t u d i e s made e x c e p t t h e h y d r o x i d e i o n c a t a l y z e d 
e x c h a n g e . 
T a b l e 1 4 . C o r r e c t i o n t o Hydroxide Ion C o n c e n t r a t i o n 
f o r A c i d i t y o f Hydra t e 
I n i t i a l [OH] [JiBAO.H"] F i n a l [OH] 
0 .00369 M 0 .0005 M 0 .00319 M 
0 .00855 M 0 .00116 M 0 .00749 M 
0 .0192 M 0 .00260 M 0 .0166 M 
The s e c o n d - o r d e r r a t e c o n s t a n t f o r d e u t e r i u m exchange from i s o ­
b u t y r a l d e h y d e - 2 - d i s e q u a l t o t h e s l o p e of t h e l i n e formed by t h e p l o t 
of t h e o b s e r v e d f i r s t - o r d e r r a t e c o n s t a n t s f o r d e u t e r i u m exchange from 
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i s o b u t y r a l d e h y d e - 2 - d v e r s u s t h e c o n c e n t r a t i o n of h y d r o x i d e i o n , F i g . 3 . 
The v a l u e of t h e s e c o n d - o r d e r r a t e c o n s t a n t i s 0 . 0 3 3 3 l . - m . - s e c . ^ " These 
c a l c u l a t i o n s y i e l d a maximum v a l u e f o r t h e h y d r o x i d e i o n c a t a l y s i s s i n c e 
i t i s assumed t h a t t h e a n i o n of i s o b u t y r a l d e h y d e h y d r a t e i s n o t a 
c a t a l y s t ; 
D e t e r m i n a t i o n o f W a t e r - C a t a l y z e d Exchange Ra te 
S i n c e t h e w a t e r - c a t a l y z e d r a t e o f c a t a l y s i s i s v e r y s low a t 3 5 ° , 
t h e exchange o f i s o b u t y r a l d e h y d e - 2 - d was s t u d i e d i n 0 .0048 M a c e t a t e 
i o n a t 60° and 100° and from t h e e n e r g y o f a c t i v a t i o n , t h e w a t e r -
c a t a l y z e d r a t e of exchange was a p p r o x i m a t e d a t 35°. At 60° t h e o b s e r v e d 
- 7 - 1 
r a t e c o n s t a n t f o r exchange was 2 . 7 5 x 10 s e c . and a t 1 0 0 ° , 7 .30 x 
10"^secT"^ The e n e r g y of a c t i v a t i o n o b t a i n e d from t h e d a t a a t 60° and 
100° i s 2 0 . 2 k c a l / m o l e . Us ing t h i s v a l u e t h e f i r s t - o r d e r r a t e c o n s t a n t 
f o r exchange a t 35° i s 2 . 3 x 1 0 " 8 s e c T 1 
The s e c o n d - o r d e r r a t e c o n s t a m t f o r i s o b u t y r a t e i o n c a t a l y s i s was 
a p p r o x i m a t e d f o r t h e B r o n s t e d p l o t , F i g . 4 , i n t h e f o l l o w i n g manner . 
Assuming t h a t t h e r e i s a B r o n s t e d p l o t f o r c a r b o x y l a t e i o n c a t a l y s i s 
and t h a t a c e t a t e i o n f a l l s on t h i s p l o t , t h e s l o p e of t h e p l o t can be 
t a k e n t o be t h e s l o p e of t h e phenox ide p l o t , 0 . 5 3 2 . U s i n g t h i s c a l c u ­
l a t i o n , t h e s e c o n d - o r d e r r a t e c o n s t a n t f o r i s o b u t y r a t e i o n c a t a l y s i s 
- 7 - 1 - 1 
i s 9 . 8 x 10 l . - m . - s e c . Even i f t h e s l o p e of t h e c a r b o x y l a t e p l o t 
d i f f e r s from t h a t of t h e p h e n o x i d e , t h e e x t r a p o l a t i o n i s s h o r t enough 
t o make t h e d i f f e r e n c e i n s l o p e i n c o n s e q u e n t i a l . 
The c o n t r i b u t i o n of each of t h e c a t a l y s t s i n t h e a c e t a t e i o n 
s o l u t i o n u s e d t o d e t e r m i n e t h e a c t i v a t i o n e n e r g y in i n T a b l e 1 5 . The 
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F i g u r e 3 . P l o t of t h e Hydrox ide Ion C o n c e n t r a t i o n v s . t h e F i r s t - O r d e r 
Ra te C o n s t a n t f o r Deu te r ium Exchange 
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d i f f e r e n c e be tween t h e r a t e c a l c u l a t e d from t h e a c t i v a t i o n e n e r g y and 
t h e r a t e due t o t h e t a b u l a t e d c a t a l y s t s i s a t t r i b u t e d t o c a t a l y s i s by 
- 8 - 1 
w a t e r . At 35° t h e w a t e r t e rm i s t h e n 1.8 x 10 s e c . 
T a b l e 1 5 . C o n t r i b u t i o n s of V a r i o u s C a t a l y s t s 
t o Deu te r ium Exchange Ra te 
C o n c e n t r a t i o n * k [ C o n . ] 
C a t a l y s t M o l e s / L i t e r l . - m T - s e c T s e c T 1 
Hydrogen Ion 1.8 x 1 0 " 5 3 .15 x 1 0 " 5 5 . 8 x 1 0 " 1 0 
Hydroxide Ion 5 .5 x 1 0 " 5 3 .33 x 1 0 ~ 2 1.8 x 1 0 - 1 1 
A c e t a t e Ion 2 . 4 x 1 0 " 3 8 .76 x 1 0 ~ 7 2 . 1 x 1 0 " 9 
I s o b u t y r a t e Ion 2 . 4 x 1 0 " 3 9 . 8 x 1 0 " 7 2 . 4 x 1 0 " 9 
T h i s c a l c u l a t i o n r e q u i r e s t h e a s s u m p t i o n t h a t t h e f i r s t - o r d e r r a t e 
c o n s t a n t a t 35° f o r t h i s r e a c t i o n , which p r o c e e d s by s e v e r a l d i f f e r e n t 
p a t h s , be t h a t c a l c u l a t e d from t h e A r r h e n i u s a c t i v a t i o n e n e r g y and t h e 
f i r s t - o r d e r r a t e c o n s t a n t s a t 60° and 1 0 0 ° . The e r r o r s i n c a l c u l a t i o n 
a r e s m a l l e n o u g h , howeve r , t o make t h e d e t e r m i n a t i o n m e a n i n g f u l . The 
r a t e c o n s t a n t s f o r i n e f f i c i e n t c a t a l y s t s a r e t h e o n l y ones a f f e c t e d by 
t h e w a t e r - c a t a l y z e d e x c h a n g e . 
pKg Va lues fo r Amines De te rmined i n t h i s Work 
Some of t h e pKg v a l u e s needed i n t h i s s t u d y were n o t a v a i l a b l e 
i n t h e l i t e r a t u r e . Tab l e 16 i s a c o m p i l a t i o n of t h e pK g v a l u e s ( e x ­
t r a p o l a t e d t o z e r o i o n i c s t r e n g t h ) d e t e r m i n e d i n t h i s s t u d y . The l i t e r -
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a t u r e v a l u e s q u o t e d a r e g e n e r a l l y measurements made a t o n l y one i o n i c 
s t r e n g t h . 
T a b l e 1 6 . Zero I o n i c S t r e n g t h pK R Va lues f o r Some Amines 
Amine pKg De te rmined pKg L i t e r a t u r e 
N-Methy lmorpho l ine 6 .55 6 .59 (56) 
T r i e t h y l e n e d i a m i n e 5 .33 5 .40 4 
3 - D i m e t h y l a m i n o e t h a n o l 4 .79 ' 5 
N - M e t h y l i m i d a z o l e 6 .94 7 .00 ( 5 7 ) 
N,N,N ^ N - T e t r a m e t h y l e t h y l e n e d i a m i n e 4 .87 5 .03 ( 3 7 ) 
I s o b u t y r a t e I o n - C a t a l y z e d Deute r ium Exchange 
Dur ing t h e s t u d y t h e r e were f i v e exchange s t u d i e s t h a t went s l o w l y 
enough t o n e c e s s i t a t e t h e c o n s i d e r a t i o n of d e u t e r i u m exchange c a t a l y s i s 
by i s o b u t y r a t e i o n . Us ing t h e v a l u e f o r t h e second-border r a t e c o n s t a n t 
f o r i s o b u t y r a t e i o n c a t a l y z e d d e u t e r i u m exchange a p p r o x i m a t e d i n t h e 
7 - 1 - 1 
p r e v i o u s s e c t i o n , 9 .8 x 10 l . - m . - s e c . , t e r m can be i g n o r e d i n a l l b u t 
t h e v e r y s low exchange s t u d i e s . Tab le 17 i s a c o m p i l a t i o n of t h e c o r ­
r e c t i o n s n e c e s s a r y i n t h e s e c a s e s . 
5 6 . H. K. H a l l , J . P h y s . Chem., 60_, 63 ( 1 9 5 6 ) . 
5 7 . M. L . Bender and B. W. T u r n q u e s t , J . Am. Chem. S o c , 7 9 , 
1656 (1957) . 
4 Da ta p r o v i d e d by t h e Houdry P r o c e s s C o r p o r a t i o n . 
^ No v a l u e found i n t h e l i t e r a t u r e . 
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T a b l e 1 7 . I s o b u t y r a t e I o n - C a t a l y z e d Deu te r ium Exchange Term 
I s o b u t y r a t e Ion k [ I s o b u t y r a t 
Compound M x 1 0 2 x 1 0 8 s e c . 
2 ,4 , 6 - T r i m e t h y l p y r i d i n e 2 . 2 
2 , 6 - D i m e t h y l p y r i d i n e 2 . 2 
T r i e t h a n o l a m i n e 0 . 8 
e I o n ] 
- 1 
2 . 2 
2 . 2 
0 .78 
Second -Orde r Ra te C o n s t a n t s f o r Deu te r ium 
Exchange of I s o b u t y r a l d e h y d e - - 2 - d 
A c o m p i l a t i o n of t h e k i n e t i c d a t a on c a t a l y s t s s t u d i e d i n t h e 
d e u t e r i u m exchange o f i s o b u t y r a l d e h y d e - 2 - d i s made i n T a b l e s 18 and 1 9 . 
I n a l l c a s e s e x c e p t where p r e v i o u s l y n o t e d , t h e c o n c e n t r a t i o n of i s o ­
b u t y r i c a c i d h a s been c o n s i d e r e d i n d e t e r m i n i n g t h e c o n c e n t r a t i o n o f 
b a s e and i t s c o n j u g a t e a c i d . 
The c a t a l y t i c r a t e c o n s t a n t s h a v e a l l been c a l c u l a t e d c o n s i d e r ­
i n g t h e c o n t r i b u t i o n o f h y d r o x i d e i o n - c a t a l y z e d t e r m , t h e w a t e r -
c a t a l y z e d t e r m and t h e i s o b u t y r a t e i o n - c a t a l y z e d t e r m as d e s c r i b e d 
b e f o r e . F i g u r e 4 i s a B r o n s t e d p l o t o f t h e i o n i z a t i o n c o n s t a n t s and 
t h e c a t a l y t i c r a t e c o n s t a n t s . The pK g v a l u e s a r e the rmodynamic c o n ­
s t a n t s a t 2 5 ° , The Kg v a l u e s u sed a r e n o t e q u a l t o [ B H + ] [ 0 H ~ ] / 
[ B ^ h ^ O ] b u t a r e e q u a l t o ,55.5 ( t h e c o n c e n t r a t i o n o f w a t e r i n an aqueous 
s o l u t i o n ) t i m e s t h i s ; n a m e l y , [ B H + ] [ 0 H " ] / [ B ] . M u l t i p l i c a t i o n by 5 5 . 5 
w i l l n o t change t h e s h a p e of t h e B r o n s t e d p l o t , b u t w i l l p e r m i t t h e 
c o n v e n i e n c e of u s i n g KR v a l u e s of t h e k i n d o r d i n a r i l y employed f o r b a s e s 
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The e q u a t i o n f o r w a t e r t a k e s t h e form 
H 2 0 + H 2 0 t H 3 0 + + 0H" 
M u l t i p l i c a t i o n of t h e e q u i l i b r i u m c o n s t a n t f o r t h i s p r o c e s s by t h e w a t e r 
c o n c e n t r a t i o n shows t h e Kg t o be K w / [ H 2 0 ] . 
A c c o r d i n g t o Benson (48 ) symmetry c o r r e c t i o n s on e q u i l i b r i u m o r 
r a t e c o n s t a n t s a r e made by m u l t i p l y i n g t h e e x p e r i m e n t a l v a l u e by t h e 
p r o d u c t o f t h e symmetry numbers of t h e p r o d u c t s o f t h e r e a c t i o n d i v i d e d 
by t h e p r o d u c t o f t h e symmetry number o f t h e r e a c t a n t s . T h e r e f o r e Kg 
f o r w a t e r i s m u l t i p l i e d by 3/2 and Kg f o r h y d r o x i d e i o n by t w o . The 
c a t a l y t i c c o n s t a n t f o r w a t e r i s m u l t i p l i e d by 2 / 2 and t h a t f o r h y d r o x i d e 
by o n e . I n t h e c a s e of N , N , N ^ N - t e t r a m e t h y l e t h y l e n e d i a m i n e , t r i e t h y ­
l e n e d i a m i n e and a c e t a t e i o n t h e Kg v a l u e s a r e m u l t i p l i e d by 1/2 and t h e 
c a t a l y t i c c o n s t a n t s a r e m u l t i p l i e d by 1 /2 , 
The B r o n s t e d p l o t i n d i c a t e s a l a c k of agreement w i t h t h e B r o n s t e d 
Law a t f i r s t g l a n c e . The d i s a g r e e m e n t of v a r i o u s t y p e s of amines w i t h 
t h e B r o n s t e d Law h a s been d i s c u s s e d by B e l l ( 5 8 ) . U s u a l l y t h i s d i s a g r e e ­
ment i n v o l v e d t h e s e p a r a t i o n of t h e p o i n t s f o r p r i m a r y , s e c o n d a r y and 
t e r t i a r y amines i n t o t h r e e d i f f e r e n t l i n e s . B e l l b e l i e v e s t h i s i s due 
t o s o l v a t i o n . In t h e s e r i e s of amines s t u d i e d , a l l were t e r t i a r y 
2 3 
a m i n e s , b u t amines w i t h b o t h sp and s p h y b n d i 2 ' J e d n i t r o g e n atoms were 
s t u d i e d . I t a p p e a r s , howeve r , t h a t s t e r i c h i n d r a n c e c a u s e s a much l a r g e r 
5 8 . R. P . B e l l , The P r o t o n i n C h e m i s t r y , C o r n e l l U n i v e r s i t y 
P r e s s , I t h a c a , N. Y . , 1 9 5 9 , p . 1 7 5 . 
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d e v i a t i o n from t h e l i n e a r f r e e e n e r g y r e l a t i o n s h i p t h a n t h e d i f f e r e n c e 
i n h y b r i d i z a t i o n . From a l o o k a t t h e B r o n s t e d p l o t , i t would seem t h a t 
t h e u n h i n d e r e d p y r i d i n e s and some o f t h e a l k y l amines w i t h one o r two 
m e t h y l g roups a t t a c h e d t o n i t r o g e n c o r r e l a t e d . T h i s may be due t o 
c o m b i n a t i o n s o f e l e c t r o n i c and s t e r i c e f f e c t s . 
T a b l e 1 8 . Second -Orde r Ra te C o n s t a n t s 
f o r Deu te r ium Exchange 
Compound 
< 
l . -m" 
- 1 
. - s e c o 
PK B 
Sodium p - C r e s o l a t e 2 . 8 1 X 10 3 3 .74 (62 ) 
Sodium o - C r e s o l a t e 2 .16 X 1 0 " 3 3 . 7 1 (62 ) 
Sodium Phenox ide 1.65 X l O " 3 4 .00 (62 ) 
Sodium p - C h l o r o p h e n o x i d e 1.25 X l O " 3 4 . 5 8 (62 ) 
Sodium m-Ch lo rophenox ide 6 .80 X l O " 4 4 . 8 7 (62 ) 
Sodium o - C h l o r o p h e n o x i d e 3 .35 X l O " 4 5 .47 (62 ) 
Sodium m - N i t r o p h e n o x i d e 2.,83 X l o " 4 5.62 (62 ) 
Sodium p - N i t r o p h e n o x i d e 5 .12 X l O " 5 6 .85 (62 ) 
T r i m e t h y l a m i n e - N - O x i d e 5 .26 X l O " 6 9 .35 (67 ) 
Sodium A c e t a t e 8.76 X l O " 7 9 .24 (60 ) 
Sodium Hydrox ide 3 .33 X 10-2 -2 ,05 
Water 3 .2 x l O " 1 0 15 .57 
P e r c h l o r i c Acid 3 .15 X l O " 5 
I l l 
Tab le 1 9 . Second-Orde r Ra te C o n s t a n t s f o r Deu te r ium Exchange 
Compound 1 - 1 - 1 1 . - m . - s e c . PKB . 
T r i m e t h y l a m i n e 1.60 x 1 0 " 2 4 .20 (59) 
N - M e t h y l p y r r o l i d i n e 7 .64 x 1 0 " 3 3 .54 ( 3 5 ) 
N - M e t h y l d i e t h y l a m i n e 7 .27 x 1 0 - 3 3 . 7 1 (64 ) 
T r i e t h y l e n e d i a m i n e 6 . 4 8 x 1 0 " 3 
o 
5 . 6 3 6 
N - M e t h y l p i p e r i d i n e 1.45 x 10 ° 3.92 (35) 
N , N , N , N - T e t r a m e t h y l e t h y l e n e d i a m i n e 1.39 x 10 3 5 .17 6 
3 - D i m e t h y l a m i n o e t h a n o l 9 . 4 3 x 1 0 ~ 4 4 .79 6 
T r i e t h y l a m i n e 7 .72 x 1 0 - 4 3 .25 (63 ) 
N-M e t hylmorph o l i n e 1.83 x 1 Q " 4 6.56 6 
N-Methyl imi d a z o l e 1.59 x 10~* 6 .94 6 
T r i e t h a n o l a m i n e 3 .62 x 10 ° 6 . 2 3 (66 ) 
3 , 4 - L u t i d i n e 3 .19 x 10 7 .54 ( 6 1 ) 
4 - P i c o l i n e 1.55 x 10 5 8.02 (61 ) 
2 , 4 - L u t i d i n e 1.06 x 1 0 ' ^ 7 .37 (61 ) 
P y r i d i n e 7 .89 x 10 8 .78 (61 ) 
2 9 4 , 6 - T r i m e t h y l p y r i d i n e 7 . 3 x 1 0 " 7 6 .55 (65 ) 
2 ,6 - Dime t h y l p y r i d i ne 2 . 7 x 1 0 ~ 7 7 .28 (61 ) 
5 9 . D. H. E v e r e t t and W. F . K. Wynne-Jones , P r o c . Roy. S o c . 
( L o n d o n ) , A177, 499 ( 1 9 4 1 ) . 
D e t e r m i n e d i n t h i s work . 
6 0 . E . Grunwald and B. J . B e r k o w i t z , J . Am. Chem. S o c , 7 3 , 
4939 ( 1 9 5 1 ) . 
6 1 . R. J . L . Andon, J . D. Cox and E . F . G. H e r i n g t o n , T r a n s . 
Fa raday S o c . , 5 0 , 918 ( 1 9 5 4 ) . 
62 . A. I . B iggs and R. A. R o b i n s o n , J.. Chem . S o c , 1 9 6 1 , 3 8 8 . 
6 3 . N. F . H a l l , J . Am. Chem. S o c , 5 2 , 5115 ( 1 9 3 0 ) . 
64 . J . H a n s s o n , Svensk Kern. T i d s k r . , 6 7 , 256 ( 1 9 5 5 ) . 
6 5 . A. Gero and J . J . Markham, J . Org . Chem . , 1 6 , 1835 ( 1 9 5 1 ) . 
66 . R. G. B a t e s and G. Schwarzenbach , H e l v . Chim. A c t a , 3 7 , 
1437 ( 1 9 5 4 ) . 










F i g u r e 4 . P l o t of Log Kg vs. Log Second-Orde r Ra te C o n s t a n t f o r Deu­
t e r i u m Exchange from I s o b u t y r a l d e h y d e - 2 - d by V a r i o u s Bases 
113 
However, i n one c a s e , t h e p y r i d i n e s and i m i d a z o l e , t h e e l e c t r o n i c 
c o n f i g u r a t i o n i s t h e same. Th i s g i v e s an o p p o r t u n i t y t o l ook a t t h e 
s t e r i c h i n d r a n c e . I n t h e c a s e of p y r i d i n e , 4 - p i c o l i n e and 3 , 4 - l u t i d i n e , 
t h e r e i s t h e same amount of h i n d r a n c e . These compounds f o l l o w t h e Bron­
s t e d Law. As we n o t e d i n t h e i n t r o d u c t i o n , h i n d e r e d p y r i d i n e b a s e s do 
n o t f o l l o w t h e B r o n s t e d C a t a l y s i s Law i n c a s e s where t h e r a t e - d e t e r m i n i n g 
s t e p i s p r o t o n r emova l from a h i n d e r e d p o s i t i o n . T h i s d e v i a t i o n from t h e 
B r o n s t e d e q u a t i o n can be e x p r e s s e d a s Alog k c = l o g k c - l o g Kg - l o g G 
where t h e v a l u e s o f $ and l o g G a r e p a r a m e t e r s d e t e r m i n e d from t h e u n ­
h i n d e r e d p y r i d i n e b a s e s — t h o s e w i t h o u t 2 and 2 , 6 s u b s t i t u e n t s . 
In t h e d e u t e r i u m remova l r e p o r t e d i n t h i s work 2 , 6 - l u t i d i n e and 
2 , 4 , 6 - t r i m e t h y l p y r i d i n e have Alog k c v a l u e s o f - 2 . 2 1 and - 2 . 1 6 , r e s p e c ­
t i v e l y . The v a l u e o f Alog k c f o r 2 , 4 - l u t i d i n e i s somewhat l o w e r , - 0 . 5 6 . 
The v a l u e o f - 2 . 2 1 r e p o r t e d f o r 2 , 6 - l u t i d i n e i s t h e l a r g e s t d e v i a t i o n 
r e p o r t e d t o d a t e . 
From t h e d a t a of Lewis and A l l e n ' ( 9 ) a Alog k c v a l u e o f - 1 . 1 6 f o r 
2 , 6 - l u t i d i n e - c a t a l y z e d i o d i n a t i o n of 2 - n i t r o p r o p a n e and a v a l u e o f - 1 . 0 
f o r 2 , 6 - l u t i d i n e i n t h e c a s e of 2 - n i t r o p r o p a n e - l - d 2 may. be c a l c u l a t e d . 
I n ag reemen t w i t h e a r l i e r work by P e a r s o n and W i l l i a m s ( 7 , 8 ) Lewis and 
A l l e n found v a l u e s of Alog k c of be tween - 0 . 3 0 and - 0 . 4 0 f o r t h e 2 , 6 -
l u t i d i n e - c a t a l y z e d i o d i n a t i o n o f n i t r o e t h a n e . 
F e a t h e r and Gold ( 1 0 ) s t u d i e d t h e i o d i n a t i o n o f f i v e k e t o n e s 
c a t a l y z e d by s e v e r a l p y r i d i n e b a s e s . With t h e k e t o n e s , PX^COR' , where 
R i s H and R' v a r i e s from CH 3 t o Me3C t h e v a l u e s o f Alog k c f o r 2 -
s u b s t i t u t e d p y r i d i n e s r a n g e d from - 0 . 1 2 t o - 0 . 3 0 . For 2 , 6 - s u b s t i t u t e d 
p y r i d i n e s t h e v a l u e o f Alog k c r a n g e d from - 0 . 8 4 f o r a c e t o n e and 2 , 6 -
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l u t i d i n e t o - 1 , 3 8 f o r 2 , 6 - l u t i d i n e and p i n a c o l o n e , Of t h e o t h e r two 
k e t o n e s s t u d i e d , d i e t h y l k e t o n e and c y c l o h e x a n o n e , d i e t h y l k e t o n e f o l ­
lowed t h e p a t t e r n o f t h e o t h e r k e t o n e s , b u t c y c l o h e x a n o n e a p p e a r e d t o 
be more h i n d e r e d . I n t h e c a s e of 2 , 4 , 6 - t r i m e t h y l p y r i d i n e and c y c l o ­
hexanone Alog k Q was - 1 . 6 9 . I t s h o u l d be n o t e d t h a t i n t h e a r t i c l e by 
F e a t h e r and Go ld , Alog k c was d e f i n e d as b e i n g e q u a l t o l o g k c - GKg. 
T h i s must be an e r r o r . 
Westheimer and C o v i t z (14 ) s t u d i e d t h e m u t a r o t a t i o n o f g l u c o s e 
and h y d r o l y s i s o f m e t h y l e t h y l e n e p h o s p h a t e w i t h s e v e r a l h i n d e r e d p y r i ­
d i n e b a s e s and found l a r g e Alog k c v a l u e s . I t i s n o t c o m p l e t e l y c l e a r 
t h a t t h e s e were s t u d i e s of s i m p l e p r o t o n r e m o v a l . 
An e x a m i n a t i o n of t h e v a r i o u s r e a c t i o n s s t u d i e d and t h e amount o f 
h i n d r a n c e i n t h e s u b s t r a t e and t h e c a t a l y s t would seem t o i n d i c a t e t h a t 
t h e h y d r o g e n removed from i s o b u t y r a l d e h y d e i s more h i n d e r e d t h a n t h o s e 
removed i n t h e o t h e r c a s e s . The p r o t o n removed i n t h e i o d i n a t i o n of 
2 - n i t r o p r o p a n e would a p p e a r t o be a l m o s t as h i n d e r e d as t h e one removed 
i n i s o b u t y r a l d e h y d e b u t due t o t h e much g r e a t e r a c i d i t y o f t h e hyd rogen 
a l p h a t o t h e n i t r o g r o u p , t h e removal may o c c u r e a r l i e r on t h e r e a c t i o n 
c o o r d i n a t e t h a n i t does i n t h e c a s e of t h e i s o b u t y r a l d e h y d e . T h i s p e r ­
m i t s t h e m e t h y l g roups moving i n t o c o p l a n a r i t y w i t h n i t r o g e n and. t h e 
a l p h a ca rbon t o be f u r t h e r away from t h e a t t a c k i n g b a s e i n t h e t r a n s i ­
t i o n s t a t e . 
U n e x p e c t e d l y , N - m e t h y l i m i d a z o l e h a s a s l o w e r r a t e t h a n migh t be 
e x p e c t e d from i t s b a s i c i t y . T h i s r a t e d e t e r r e n c e migh t w e l l be due t o 
a n o t h e r e f f e c t — g e o m e t r i c c h a n g e . Looking a t E q u a t i o n 5 
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H H 
/ + HA : \ 
c, 
/ + A" ( 5 ) 
i t can be s e e n t h a t i n t h e c a s e o f i m i d a z o l e s p r o t o n a t i o n would l e n g t h e n 
one c a r b o n - n i t r o g e n bond and s h o r t e n a n o t h e r so t h a t t h e two become 
e q u a l . 
The s i n g l e - b o n d e d n i t r o g e n s u b s t i t u e n t i l l u s t r a t e d by t h e a r row 
i n E q u a t i o n 5 c a n n o t a c t as e f f e c t i v e l y as an e l e c t r o n - d o n a t i n g s u b ­
s t i t u e n t i n t h e t r a n s i t i o n s t a t e , where t h e c a r b o n - n i t r o g e n bond i s s t i l l 
q u i t e l o n g , as i t can i n t h e i m i d a z o l i u m i o n , where t h e bond i s s h o r t e r 
and o v e r l a p be tween t h e p i o r b i t a l s i s more e x t e n s i v e . 
Two a m i n e s , t r i m e t h y l a m i n e and t r i e t h y l e n e d i a m i n e , a r e much b e t t e r 
c a t a l y s t s t h a n would be e x p e c t e d , a s i s i n d i c a t e d on t h e B r o n s t e d p l o t . 
In t h e c a s e of t r i m e t h y l a m i n e t h e a c c e l e r a t i o n i s p r o b a b l y due t o t h e 
f a c t t h a t t h e t h r e e m e t h y l g roups do n o t h i n d e r t h e a p p r o a c h t o t h e i s o -
b u t y r a l d e h y d e - 2 - d m o l e c u l e . T r i e t h y l e n e d i a m i n e a c c e l e r a t e s t h e r e a c t i o n 
more t h a n a n t i c i p a t e d from t h e pKg b e c a u s e t h e a l k y l g roups a r e a l l 
p i n n e d back a l l o w i n g a c l o s e r a p p r o a c h . 
I n t h e o t h e r a l k y l t e r t i a r y a m i n e s , i t i s d i f f i c u l t t o s a y how 
much t h e y a r e h i n d e r e d . But i n one g roup of compounds, t h e s t e r i c 
h i n d r a n c e may be s i m i l a r . The k i n e t i c s o f t h e d e u t e r i u m exchange o f 
i s o b u t y r a l d e h y d e - 2 - d u s i n g N - m e t h y l m o r p h o l i n e , N - m e t h y l p i p e r i d i n e and 
N - m e t h y l p y r r o l i d i n e as c a t a l y s t s were f o l l o w e d i n o r d e r t o s t u d y 
h i n d r a n c e i n s y s t e m s w i t h two o f t h e a l k y l g roups on n i t r o g e n h e l d 
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back i n a r i n g . From t h e B r o n s t e d p l o t i t would a p p e a r t h a t t h e s i x -
memberedur ing compounds a r e more h i n d e r e d t h a n t h e N - m e t h y l p y r r o l i d i n e 
a l t h o u g h t h e N - m e t h y l m o r p h o l i n e r i n g may be a f f e c t e d by i n t r o d u c t i o n 
of t h e oxygen a tom. Brown and c o - w o r k e r s (68 ) have r e p o r t e d q u a l i -
t a t i v e l y s i m i l a r d a t a i n t h e more h i n d e r e d t r i m e t h y l b o r a n a m i n e s y s t e m 
i n t h e g a s p h a s e . I n s p i t e of t h e f a c t t h a t p y r r o l i d i n e i s on ly a 
s l i g h t l y s t r o n g e r b a s e t h a n p i p e r i d i n e , t h e d i s s o c i a t i o n e q u i l i b r i u m 
c o n s t a n t f o r t h e t r i m e t h y l b o r a n e - p i p e r i d i n e complex i s t e n t i m e s h i g h e r 
t h a n t h a t of t h e p y r r o l i d i n e complex . I f t h e two s a t u r a t e d s ix -membered 
r i n g compounds do f o l l o w B r o n s t e d ' s Law, 8 i s 0 . 3 9 . 
T r i m e t h y l a m i n e - N - o x i d e i s d e f i n i t e l y a b e t t e r c a t a l y s t t h a n a c e ­
t a t e i o n , b u t o n l y s l i g h t l y b e t t e r t h a n an u n h i n d e r e d p y r i d i n e o f i t s 
b a s i c i t y would b e . The amine o x i d e i s a r e l a t i v e l y u n h i n d e r e d b a s e whose 
r e a c t i v i t y s h o u l d n o t be r e d u c e d by a g e o m e t r i c change e f f e c t . Whatever 
t h e cause t h e amine o x i d e r e a c t i v i t y i s s m a l l enough t h a t o x i d a t i o n o f 
s m a l l amounts of t e r t i a r y amines t o amine o x i d e s w i l l n o t s i g n i f i c a n t l y 
c o m p l i c a t e d e t e r m i n a t i o n s o f c a t a l y t i c c o n s t a n t s f o r t e r t i a r y a m i n e s . 
Two-Component C a t a l y s t Deu te r ium Exchange K i n e t i c s 
The t w o - c a t a l y s t s y s t e m of a t e r t i a r y and a p r i m a r y amine was 
s t u d i e d t o look f o r a t e r m o l e c u l a r t e r m i n t h e d e u t e r i u m exchange o f 
i s o b u t y r a l d e h y d e - 2 - d . A s y s t e m of N - m e t h y l m o r p h o l i n e and me thy lam­
monium c h l o r i d e was s t u d i e d . I n t h e e x c h a n g i n g s o l u t i o n , t h e me thy lam-
6 8 . Brown ' s work i s d i s c u s s e d by H. C. Brown, D. H. McDanie l , 
and 0 . Ha ' f l i ge r i n E . A. Braude and F . C . Nachod , D e t e r m i n a t i o n o f 
O r g a n i c S t r u c t u r e s by P h y s i c a l Me thods , V o l . 1 , Academic P r e s s I n c . , 
New York , N. Y . , 1 9 5 5 , Chap. 1 4 . 1 
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monium i o n s migh t be e x p e c t e d t o p a r t i c i p a t e i n t h e exchange i n t h e f o l ­
lowing manner: 
MeNH* 1 MeNH + H + 
3 + 2 
ŵ 
K, MeNH, 
( 6 ) 
MeNH2 + Me2CDCHO ^ Me CDCH = NMe + H 2 0 ( 7 ) 
Me2CDCH = NMe + H 2 0 Z Me2CDCH = i$HMe + OH" K I H " ( 8 ) 
R . D . S . 
Me^CDCH 
+ 9 
.NHMe + NM Z Me0C - CH = NHMe 
I 
Me C - CH - NHMe 
2 
+ DNM' ( 9 ) 
S tep 9 i s f o l l owed by a s e r i e s o f r a p i d s t e p s r e s u l t i n g i n t h e 
f o r m a t i o n of t h e p r o t i u m form of i s j o b u t y r a l d e h y d e . I n a d d i t i o n t o t h i s 
r o u t e f o r e x c h a n g e , t h e r e m o v a l of t h e d e u t e r i u m d i r e c t l y from t h e a lde ­
hyde by t h e amine t a k e s p l a c e . The o b s e r v e d r a t e o f d e u t e r i u m exchange 
2 
(R) i s t h e n E q u a t i o n 10 where NM i s t h e . N - m e t h y l m o r p h o l i n e c o n c e n t r a ­
t i o n . 
R = k 
K I K I H + 
K. MeNH, 
+ [MeNH + ] [NM 2 ] [ IBA-2-d] + k , 9 [ N M 2 ] [ I B A - 2 - d ] (10 ) 3 NM-* 
To t e s t t h e f e a s i b i l i t y of t h e mechanism i n v o l v i n g t h e imine i n ­
t e r m e d i a t e , s e v e r a l e x p e r i m e n t s were made m a i n t a i n i n g a 0 , 2 1 1 M_N-
m e t h y l m o r p h o l i n e c o n c e n t r a t i o n and v a r y i n g t h e methylammonium c h l o r i d e 
c o n c e n t r a t i o n . A p l o t of t h e o b s e r v e d f i r s t - o r d e r r a t e c o n s t a n t s f o r 
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d e u t e r i u m exchange v e r s u s t h e methylammonium c h l o r i d e c o n c e n t r a t i o n ha s 
as t h e s l o p e , from E q u a t i o n 10 : 
6 O b s . Ra te Con. 
6[MeNH +] 
kKjK^+ENM 2 ] 
, o KMeNH 0 'NM2 2 
T a b l e 20 i s a t a b u l a t i o n of t h e o b s e r v e d f i r s t - o r d e r r a t e c o n s t a n t s a t 
v a r i o u s methylammonium c h l o r i d e c o n c e n t r a t i o n s and F i g . 5 i s a p l o t 
of t h e d a t a . The s l o p e of t h e p l o t i s 4 . 2 3 x 1 0 ~ 4 s e c " 1 and t h e i n t e r ­
c e p t i s 3 .80 x 1 0 ~ 5 s e c T 1 The i n t e r c e p t c o r r e s p o n d s t o t h e f i r s t - o r d e r 
r a t e c o n s t a n t f o r d e u t e r i u m exchange from i s o b u t y r a l d e h y d e - 2 - d c a t a l y z e d 
by 0 . 2 1 1 M_ N - m e t h y l m o r p h o l i n e . The s l o p e o f t h e p l o t d i v i d e d by t h e N-
m e t h y l m o r p h o l i n e c o n c e n t r a t i o n w i l l y i e l d t h e t e r m , k K j K I H + / K ^ e N H ^ , f o r -
methylammonium c h l o r i d e . The v a l u e of K^, d e t e r m i n e d by Dr . J u l i e n 
Mulde r s a t 2 5 ° , i s 9 0 , and K ^ J J i s 4 . 2 5 x 1 0 ~ 4 ( 5 9 ) . The b a s i c i o n i ­
z a t i o n c o n s t a n t f o r e n a m i n e , I , i s n o t known. 
As a check o f t h i s w o r k , e x p e r i m e n t s were c o n d u c t e d i n which t h e 
N - m e t h y l m o r p h o l i n e b u f f e r c o n c e n t r a t i o n was v a r i e d and t h e methylammonium 
c h l o r i d e c o n c e n t r a t i o n r e m a i n e d c o n s t a n t . The r e s u l t s o f t h e s e e x p e r i ­
ments a r e i n Tab le 2 0 . A p l o t . F i g . 6 , of t h e o b s e r v e d f i r s t - o r d e r r a t e 
c o n s t a n t s f o r d e u t e r i u m exchange from i s o b u t y r a l d e h y d e - 2 - d o b t a i n e d i n 
t h e s e e x p e r i m e n t s v e r s u s t h e c o n c e n t r a t i o n of N - m e t h y l m o r p h o l i n e s h o u l d 
h a v e as t h e s l o p e from E q u a t i o n 9 : 
6 O b s . R a t e C o n . ) kKjK I H + [MeNH ] 
: 1 = + W ( I D 
'MeNH+ K M e N H 2 
6[NM 2 ] 
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Tab l e 2G. K i n e t i c Data on Two-Component Deu te r ium 
Exchange o f I s o b u t y r a l d e h y d e - 2 - d 





B . a 
M o l e s / L i t e r BH+ NaC10 4 
k o b s . * 
s e c T 1 
4 ,9 .14 0 .22 0 .169 0 .145 0 . 0 3 6 1.05 
5 .14 0 .22 0 .127 0 .109 0 . 0 7 3 0o813 
6 .14 0 .22 0 . 0 8 4 0 . 0 7 3 0 .109 0 .515 
7 .14 0 .22 0 . 2 1 1 0 .182 0 1.37 
8 .14 0 .22 0 .154 0 .424 0 1.12 
10 .14 0 .22 0 . 1 0 6 0 . 0 9 1 0 . 0 9 1 0 .675 
1 6 , 2 6 , 3 2 .14 0 .22 0 . 2 1 1 0 .212 0 1 .28 
17 .14 0 0 . 2 1 1 0 .212 0 .22 0 .375 
18 .14 0 .132 0 . 2 1 1 0 .212 0 .09 0 .955 
1 9 , 2 3 , 2 7 , 3 3 .14 0 .176 0 .211 0 .212 0 .044 1 .13 
20 ,29 .14 0 .088 0 . 211 0 .212 0 .132 0 . 7 3 1 
28 .14 0 .044 0 . 2 1 1 0 . 2 1 2 0 .176 0 . 5 7 8 
21 .22 0 .030 0 .187 0 .075 0 . 1 4 1 0 .450 
22 .22 0 .070 0 .187 0 .075 0 .10.5 0 . 5 8 8 
23 .22 0 .176 0 .187 0 .075 0 0 .99 
24 .22 0 . 1 4 1 0 .189 0 . 0 7 3 0 0 .670 
25 .22 0 . 1 4 1 0 .189 0 .073 0 .035 0 .653 
30 .14 0 .22 0 . 1 6 7 0 .168 0 .042 0 . 9 3 3 
31 .14 0 .22 0 .125 0 .126 0 . 0 8 4 0 .750 
a . B i s c o n c e n t r a t i o n o f N - m e t h y l m o r p h o l i n e . 
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1 2 . 0 0 h 
1 1 . 0 0 -
10 . 0 0 -
9 . 0 0 -
8.00h 
7 . 0 0 -
6 . 0 0 -
5 . 0 d -
4 . 0 d -
0 . 1 0 .20 
F i g u r e 5 . P l o t o f t h e Methylammonium Ion C o n c e n t r a t i o n vs_. t h e F i r s t -
O r d e r R a t e C o n s t a n t f o r Deu te r ium Exchange from I s o b u t y r a l d e -
h y d e - 2 - d a t a C o n s t a n t N-Methy lmorpho l ine C o n c e n t r a t i o n of 
0 . 2 1 1 M 
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The v a l u e o b t a i n e d f o r t h e s l o p e from F i g . 6 i s 6 . 25 x 10" . The-
methylammonium c h l o r i d e c o n c e n t r a t i o n was 0 . 2 2 M_in t h e s e e x p e r i m e n t s . 
From t h i s c o n c e n t r a t i o n and v a l u e s f o r ^ K ^ K ^ ^ / K ^ ^ ^ and k j ^ 2 o b t a i n e d 
p r e v i o u s l y t h e c a l c u l a t e d v a l u e of t h e s l o p e i s 6 . 0 4 x 1 0 ~ 4 , i n good 
ag reemen t w i t h t h a t o b t a i n e d i n F i g . 5 . 
I t would a p p e a r t h a t t h e r e i s a t e r m o l e c u l a r t e r m , b u t t h e v a l u e 
of t h e c a t a l y t i c r a t e c o n s t a n t c a n n o t b e d e t e r m i n e d w i t h a c c u r a c y b e c a u s e 
t h e enamine i o n i z a t i o n c o n s t a n t i s n o t known. The v a l u e of t h e t e r m , 
- 9 
k K I H + ' m a ^ ^ e c a l c u l a t e d t o be 9 .4 x 10 i f t h e v a l u e of i s assumed 
t o be t h e same a t 35° as a t 2 5 ° . 
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0 ,10 
[NM 2 ] 
0 .20 
F i g u r e 6 . P l o t of t h e N-Methy lmorpho l ine C o n c e n t r a t i o n vs_. t h e F i r s t -
O r d e r Ra t e C o n s t a n t f o r Deu te r ium Exchange from I s o b u t y r a l d e -
h y d e - 2 - d a t a C o n s t a n t Methylammonium Ion C o n c e n t r a t i o n of 




The work d e s c r i b e d i n t h i s s t u d y h a s been done w i t h t h e aim of 
s t u d y i n g t h e b e h a v i o r o f -var ious t e r t i a r y amines and oxygen b a s e s a s 
c a t a l y s t s f o r t h e p r o t o n r e m o v a l s t e p o f a c h e m i c a l r e a c t i o n . The 
i n f o r m a t i o n w i l l be u s e d i n a t t e m p t i n g t o make p o l y f u n c t i o n a l c a t a ­
l y s t s f o r r e a c t i o n s i n v o l v i n g p r o t o n r e m o v a l as one o f t h e s t e p s . 
The most r e a c t i v e c a t a l y s t s f o r t h e i r b a s i c i t y a r e t r i m e t h y l a m i n e 
and t r i e t h y l e n e d i a m i n e . I t t h e r e f o r e a p p e a r s t h a t t e r t i a r y a l i p h a t i c 
amines i n which s t e r i c h i n d r a n c e ha s been r e d u c e d t o a minimum a r e t h e 
most e f f e c t i v e o f t h e c a t a l y s t s we have s t u d i e d . For c a t a l y s i s i n t h e pH 
r a n g e n e a r n e u t r a l i t y t h e two amines men t ioned have t h e d i s a d v a n t a g e t h a t 
t h e y would e x i s t l a r g e l y a s t h e i r c o n j u g a t e a c i d s u n d e r such c o n d i t i o n s . 
S i n c e most r e a c t i o n s t h a t a r e c a t a l y z e d by enzymes t a k e p l a c e i n p h y s i o ­
l o g i c a l media t h a t a r e n e u t r a l , o r a p p r o x i m a t e l y n e u t r a l , aqueous s o l u ­
t i o n s , f u n c t i o n a l g r o u p s w i t h b a s i c i t i e s s i m i l a r t o t h o s e of t y p i c a l 
s a t u r a t e d a l i p h a t i c t e r t i a r y amines have o b v i o u s d e f i c i e n c i e s f o r enzyme 
model s t u d i e s . S y n t h e s i s o f u n h i n d e r e d t e r t i a r y amines c o n t a i n i n g s u b -
s t i t u e n t s t o r e d u c e t h e b a s i c i t y s h o u l d l e a d t o c a t a l y s t s t h a t a r e p a r ­
t i c u l a r l y e f f e c t i v e n e a r pH 7 . 
The s t u d y a l s o r e v e a l e d t h a t p r o t o n ' r emova l may be s t e r i c a l l y 
r e t a r d e d . P r o t o n remova l by 2 , 6 - and 2 - s u b s t i t u t e d p y r i d i n e s , t r i ­
e t h y l a m i n e and t r i e t h a n o l a m i n e o c c u r s more s l o w l y t h a n would be e x p e c -
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t e d from t h e b a s i c i t y o f t h e compounds as i n d i c a t e d from t h e B r o n s t e d 
c a t a l y s i s e q u a t i o n . 
A k i n e t i c s t u d y of t h e d e a l d o l i z a t i o n o f i s o b u t y r a l d o l r e v e a l s 
t h a t t h e c a r b a n i o n formed i n t h e d e u t e r i u m exchange o f i s o b u t y r a l d e -
h y d e - 2 - d r e a c t s w i t h a p r o t o n r a t h e r t h a n w i t h a n o t h e r i s o b u t y r a l d e h y d e 
m o l e c u l e u n d e r t h e c o n d i t i o n s u sed i n t h i s s t u d y = Th i s i n s u r e s t h a t 
t h e exchange b e i n g f o l l o w e d i s a c t u a l l y t h e p r o t o n a t i o n o f t h e c a r b a n ­
i o n formed by r emova l o f d e u t e r i u m from i s o b u t y r a l d e h y d e - 2 - d . 
The k i n e t i c e q u a t i o n f o r t h e exchange i n t h e p r e s e n c e o f a t w o -
component c a t a l y s t c o n s i s t i n g of N - m e t h y l m o r p h o l i n e — N - m e t h y l m o r p h o ­
l i n i u m p e r c h l o r a t e and methylammonium c h l o r i d e h a s two t e r m s , one f i r s t 
o r d e r i n N - m e t h y l m o r p h o l i n e and i n methylammonium i o n . The s e c o n d o r d e r 
t e rm i n d i c a t e s t h a t t h e s m a l l amount o f me thy lamine p r e s e n t r e a c t s w i t h 
t h e i s o b u t y r a l d e h y d e - 2 - d t o form an i m i n e t h a t e x c h a n g e s r a p i d l y when 




T a b l e 2 1 . Summary of Deute r ium Exchange K i n e t i c s Da ta 
C o n c e n t r a t i o n k ^ c o r 
C a t a l y s t s B BH s e c T 1 s e c " ° " 
Sodium p - c r e s o l a t e 0 .0275 0 .0527 00
 
. 03 X 10 -5 7 .72 x C 1 0 " 5 
Sodium o - c r e s o l a t e 0 .0243 0 .0210 5 ,45 X 10 -5 5 .24 x c 1 0 " 5 
Sodium p h e n o x i d e 0 .0267 0 . 0 3 7 1 4 . 61 X 10 - 5 4 .37 x c 1 0 " 5 
Sodium p h e n o x i d e 0 .0299 0 .0339 5 ,25 X 10 -5 4 .96 x c 1 0 " 5 
Sodium p_-ch lo rophenox ide 0 .0407 0 .0627 5 ,13 X 10 -5 5 .07 c _ A - 5 x 10 
Sodium m - c h l o r o p h e n o x i d e 0 .0275 0 . 0 3 9 3 1 .90 X 10 -5 1 , 87 x C l O " 5 
Sodium o - c h l p r o p h e n o x i d e 0 .0244 0 .0620 8 ,18 X 10 -6 8 .18 x 1 0 " 6 
Sodium m - n i t r o p h e n o x i d e 0 . 0 1 4 3 0 .0340 4 .08 X 10 -6 4 .04 x c 1 0 " 6 
Sodium p _ - n i t r o p h e n o x i d e 0 .0295 0 . 0 3 6 3 1 .53 X 10 -6 1 . 5 1 x b ; o " 6 
T r i m e t h y l a m i n e - N - o x i d e 0 .332 0 , 0 7 8 1 ,75 X 10 -6 1 . 73 x b lO"* 
Sodium a c e t a t e 0 .833 0 .156 7 ,40 X 10 -7 7 .22 x b l O " 7 
Sodium a c e t a t e 0 .319 0 ,319 3 .00 X 10 -7 2 .82 x b 1 0 " 7 
Sodium h y d r o x i d e 0 .00369 8 . 5 1 X 10 -5 8 . 5 1 x 1 0 " 5 
Sodium" hydro-xide 0 .00855 2 .43 X 10 -4 2 . 4 3 x 10 - 4 
Sodium h y d r o x i d e • 0 .0192 5 , 6 1 X 10 -4 5 . 6 1 x 10" 4" 
P e r c h l o r i c a c i d 0 . 5 6 5 d 1 .78 X 10 -5 1 .78 x 1 0 " 5 
b . C o r r e c t e d f o r w a t e r c a t a l y s i s . 
c . C o r r e c t e d f o r h y d r o x i d e i o n c a t a l y s i s . 
d. Acid c o n c e n t r a t i o n . 
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T a b l e 2 2 . Summary of Deu te r ium Exchange K i n e t i c s D a t a 
C o n c e n t r a t i o n o b . k c o r . 
C a t a l y s t s IS BH+ s e c . " 1 s e c . " 
T r i m e t h y l a m i n e 0 .0312 0 .0392 5 .00 X 10" -4 
LO . 00 X 10 - 4 
T r i m e t h y l a m i n e 0 .0125 0 .0227 2 . 03 X i o • -4 2 . 0 3 X 10 - 4 
T r i m e t h y l a m i n e 0 .0218 0 .0309 3 .45 X 10" -4 3 .45 X 10 - 4 
T r i m e t h y l a m i n e 0 .0080 0 .0270 1 .44 X 10" -4 1 .44 X 10 - 4 
N - M e t h y l p y r r o l i d i n e 0 .0148 0 .0279 1 .18 X 10" -4 1 .13 X 10 - 4 c 
N - M e t h y l d i e t h y l a m i n e 0 . 0187 . 0 .0556 1 .38 X i o --4 1 .36 X 10 - 4 c 
T r i e t h y l e n e d i a m i n e 0 .0250 0 .0215 1 .62 X 10" -4 1 .62 X 10 - 4 
D - M e t h y l p i p e r i d i n e 
N , N , N ' , N - T e t r a m e t h y l -
0 .0154 0 .0157 2 .63 X 10" -5 2 . 2 4 X 10 -5 c 
c _ c 
e t h y l e n e d i amine 0 .0323 0 .0556 4 .48 X 10" -5 4 .48 X 10 0 
B - D i m e t h y l a m i n o e t h a n o l 0 . 0281 0 .0350 2 .73 X 10" -5 2 ..65 X 10 -5 c 
T r i e t h y l a m i n e 0 .0136 0 .040 1 .56 X 10" -5 1 .05 X 10 -5 c 
N-Methy lmorpho l ine 0 .0246 0 .0375 4 . 5 1 X 10--6 4 . 5 1 X. 10 -6 
N - M e t h y l i m i d a z o l e 0 .0471 0 .1232 7 .13 X 10" -7b 6 „95 X 10 - 7 b 
N - M e t h y l i m i d a z o l e 0 .1454 0 .3408 2 .47 X 10" -6 2 .47 X 10 -6 
T r i e t h a n o l a m i n e 0 .237 0 .142 9 .17 X 10" -7 8 .59 X 10 - 7 a , b , c 
3 , 4 - L u t i d i n e 0 .127 0 .112 4 .05 X 10--6 4 .05 X 10 -6 
4—Picol ine 0 .1788 0 .341 3 .00 X 10--6 3 .00 X 10 -6 
4—Picol ine 0 .0556 0 .1232 8 .0 x 10" ' 1 7 .82 X 10 -7 D 
2 , 4 - L u t i d i n e 0 .170 0 .005 1 .85 X 10" -6 1 . 8 1 X 10 -6 C 
P y r i d i n e 0 ,,714 0 .215 5 .63 X 10" -6 5 .63 X 10 -6 
2 , 4 , 6 - T r i m e t h y l p y r i d i n e 0 .0891 0 .1512 1 .10 X 10" -7 6 .5 x 10" 8 a , b , c 
2 , 6 - D i m e t h y l p y r i d i n e 0 .161 0 .345 8 .55 X 10--8 4 .45 X 10 - 8 a , D , c 
a . C o r r e c t e d f o r i s o b u t y r a t e i o n c a t a l y s i s . 
b . C o r r e c t e d f o r w a t e r c a t a l y s i s . 
c . C o r r e c t e d , f o r h y d r o x i d e i o n c a t a l y s i s , . 
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T a b l e 2 3 . P e r Cent Deu te r ium C o r r e c t i o n Curve Da ta 
P e r Cent D H l D 2 0 5 / 0 2 + % 
10 17 .56 3 . 7 1 0 .174 
14 18 .38 3 .53 0 , 1 6 1 
20 15 .12 5 .50 0 .267 
30 14 .69 7 . 2 1 0 .329 
34 14 .89 8.42 0 . 3 6 1 
40 1 1 . 8 5 8.50 0 .418 
44 12 .19 10 .40 0 .460 
50 1 0 . 3 6 10 .80 0 .510 
54 1 2 . 4 3 1 3 . 4 3 0 .519 
60 7 . 3 3 1 0 , 4 0 0 .587 
64 9 .62 13 .83 0 .590 
70 7 .50 13 ,45 0 .642 
74 7 .42 16 .38 0 .688 
80 6 .47 17 .55 0 . 7 3 1 
84 5 .76 17 ,12 0 . 7 4 8 
90 5 .46 23 .69 0 . 8 1 3 
94 3 .17 17 .65 0 . 8 4 8 
T a b l e 2 4 . Hydroxide Ion C a t a l y z e d Deute r ium Exchange—0.00369 M 
0 .00369 M NaOH 0 .0109 M I s o b u t y r a t e Ion 0 , 2 1 M I s o b u t y r a l d e h y d e 
Time 
Minu tes D l H 2 P e r Cent D 
0 
5 .5 1 7 . 5 4 . 2 91 
9 .0 1 7 . 0 5 .0 84 
2 3 . 0 16 .2 6 . 4 80 
4 8 . 0 1 3 . 5 6 .8 74 
77 .0 10 .8 7 . 8 64 
156 .0 8.5 1 1 . 2 73 
k „ K = 8 . 5 1 x 10 5 s e c T 1 
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T a b l e 25.. Hydrox ide I o n - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 0 8 5 5 M 
0.00855 M NaOH 0 .0109 M I s o b u t y r a t e Ion 0 . 2 1 M I s o b u t y r a l d e h y d e 
Time D 2 P e r Cent D 
1.0 1 7 . 4 2 . 3 100 
1 8 . 5 1 4 . 3 5 .7 84 
30 .5 1 2 . 8 7 ,5 76 
4 5 . 5 8 . 1 8.7 49 
6 0 . 5 6 .5 8 .7 42 
7 5 . 8 5 .4 9 . 7 33 
k o b : -- 2 . 4 3 x 10 "
4 s e c ! 1 
T a b l e 26 . Hydrox ide Ion-- C a t a l y z e d Deu te r ium Exchange—0.0192 M 
0 .0192 M NaOH 0.0149 M_ I s o b u t y r a t e Ion 0 . 2 1 M I s o b u t y r a l d e h y d e 
Time D 2 H l P e r Cent D 
1.0 2 1 . 8 4 . 0 9 7 . 0 
2 . 5 2 2 . 9 5 .8 8 9 . 5 
5 .7 1 8 . 8 6 . 8 8 1 . 3 
1 0 . 8 1 7 . 8 10 .3 6 8 . 0 
1 2 . 8 1 5 . 3 10 .5 6 2 . 8 
1 7 . 8 1 3 . 4 1 1 . 6 5 6 . 1 
2 1 . 1 1 2 . 8 1 3 . 9 4 8 . 5 
2 4 . 3 1 1 . 8 1 4 . 2 4 5 . 2 
2 8 . 0 1 1 . 9 16 .4 4 1 . 0 
k = ob 5 . 6 1 x 10 
4 s e c T 1 
} 
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T a b l e 2 7 . Hydrogen I o n - C a t a l y z e d Deu te r ium Exchange 
0 .565 M HC10 0 .320 M_ I s o b u t y r a l d e h y d e 
Time 
Minu tes D 2 H x P e r Cent D 
10 2 2 . 2 2 . 7 99 
24 2 2 . 2 3 . 1 9 8 . 5 
58 20 .5 3 .7 9 5 . 5 
94 19 .6 4 . 3 9 2 . 0 
125 19 .6 5 . 4 8 7 . 5 
148 1 8 . 6 5 .6 8 5 . 5 
187 2 7 . 0 8.2 8 1 . 5 
273 2 1 . 5 1 0 . 4 73 .0 
381 1 9 . 2 1 2 . 1 65 o 5 
513 20 .9 1 7 . 7 5 6 . 0 
518 22 .0 17.2 . , 5 8 . 5 
626 1 7 . 1 1 9 . 3 4 7 . 0 
847 15 .0 2 2 . 0 3 9 . 0 
10 33 1 7 . 5 2 3 . 2 37 .0 
k , = 1 .78 x 1 0 " 5 s e c T 1 
Tab le 2 8 . B a s e - C a t a l y z e d D e a l d o l i z a t i o n of I s o b u t y r a l d o l 
0 .039 M_ T r i e t h y l e n e d i a m i n e 0 .0424 M I s o b u t y r a l d o l 
0 .0074 M T r i e t h y l e n e d i a m i n e 0 .0006 M T o t a l Acid 
m o n o h y d r o p e r c h l o r a t e 2 . 5 2 x 1 0 " 5 M Hydrox ide Ion 
Aldehyde A l d o l 
V B SB B V A SA A 
1800 4 .60 0 .88 4 .05 11 .86 1 . 05 12 .26 
2400 5 .20 1.00 5 .20 10 .90 1 . 15 12 .54 
3000 5 .60 0 . 9 5 5 .32 9 .15 1 . 20 10 .98 
3660 5 .55 1.00 5 .55 8 .10 1 . 15 9 .32 
4260 6 .10 1.05 6 . 41 6 .60 1 . 45 9 .57 
4800 8 .30 1.00 8 .30 8 .40 1 . 20 10 .08 
5400 9 .78 0 .90 8 .80 7 .70 1 . 20 9 .24 
6000 10 .72 0 .90 9 .65 7 .30 1 . 15 8 .40 




Tab le 2 9 . B a s e - C a t a l y z e d D e a l d o l i z a t i o n of I s o b u t y r a l d o l 
0 ,0229 M T r i e t h y l e n e d i a m i n e 0 .0530 M_ I s o b u t y r a l d o l 
0 .0158 M T r i e t h y l e n e d i a m i n e 0 .00104 M T o t a l Acid 
~" m o n o h y d r o p e r c h l o r a t e 6 .80 x 1 0 ~ 6 M_ Hydrox ide Ion 
— A l d e h y d e ' A l d Q l " 
Seconds ' i 5 ff V A ?A A 
4110 
CM .92 0 .60 1 .752 12 80 1 .05 13 .44 
5200 4 .00 0 .85 3 .40 12 60 1 .40 17 .64 
5460 4 .70 0 .70 3 .29 14 ,70 0 .95 13 .97 
7740 8 .50 0 .50 4 .25 16 ,80 0 .65 10 .92 
9720 8 .60 0 .58 4 .99 15 ,90 0 .73 11 . 6 1 
11520 9 .45 0 .65 6 .14 13 60 0 .76 10 .34 
13440 10 .50 0 .62 6 .51 12 ,50 0 .76 9 .50 
14610 10 .60 0 .75 7 .95 11 ,50 1 .00 11 .50 
T a b l e 3 0 . B a s e - C a t a l y z e d D e a l d o l i z a t i o n o f I s o b u t y r a l d o l 
0 .0086 M T r i m e t h y l a m i n e 0 .0530 M I s o b u t y r a l d o l 
0 .0070 M_ Trimethylammonium Ion 0 .00104 M T o t a l Acid 
4 .10 x 1 0 " k M Hydrox ide Ion 
Time 
Seconds 
Aldehyde Peak Aldo l Peak 
V B *B B V A 5 A A 
570 3.60 0 . 6 8 2 . 4 5 1 5 . 2 0 0 .95 14 .40 
955 5 .65 0 .70 3 .96 1 2 . 0 0 0 . 9 5 11 .40 
1320 6 .95 0 .90 6 .26 1 0 . 3 0 1.10 1 1 . 3 3 
2240 14 .40 0 .65 9 .36 1 0 . 0 5 0 .70 7 .04 
2610 1 3 . 8 0 0 .70 9 .66 9 .30 0 .72 6 .70 
2990 1 4 . 0 0 0 .65 9 . 1 0 7 .40 0 .80 5 .92 
3562 1 5 . 1 5 0 . 6 5 9. c85 6 . 3 8 0 . 6 5 4 . 1 5 
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T a b l e 3 1 . T r i e t h y l a m i n e - C a t ' a l y z e d Deu te r i um Exchange 
0.G136 M Amine 0 .040 M Ammonium Ion 
0 . 2 1 M I s o b u t y r a l d e h y d e 0 .0052 M I s o b u t y r a t e Ion 
T i m e D H 
( H o u r s ) u2 n l P e r Cent D 
1.0 20 .6 .04 100 
9 .0 2 2 . 6 1.04 6 1 . 5 
1 1 . 1 9 . 8 9 .59 51 .0 
1 3 . 5 9 .6 1 0 . 6 8 4 7 . 2 
k = 1.56 x 1 0 " 5 s e c 7 1 ob 
Tab le 32 . T r i m e t h y l a m i n e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 3 1 2 M 
0 .0312 M Amine 0 . 2 1 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0392 M Ammonium Ion 0 .0064 M I s o b u t y r a t e Ion 
Time 
H l Seconds D 2 P e r Cent D 
0 2 1 . 4 3 .5 9 7 . 0 
218 1 1 . 0 3 . 3 86 .2 
495 1 0 . 1 4 . 5 7 7 . 2 
765 1 3 . 7 9 .45 6 5 . 3 
1028 1 3 . 6 1 0 . 2 6 2 . 6 
1363 1 0 . 6 1 1 . 8 5 0 . 5 
1800 1 0 . 9 1 2 . 9 4 9 . 0 
2254 8 .4 16 .0 3 4 . 5 
2395 7 .5 1 6 . 2 31 o0 
k o b s . = 5 .00 x 1 0 "
4 s e c T 4 
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T a b l e 3 3 , T r i m e t h y l a m i n e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 1 2 5 M 
0 .0125 M Amine 0 . 2 1 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0227 M Ammonium Ion 0 .0064 M I s o b u t y r a t e Ion 
Time 
Seconds D 2 P e r Cent D 
0 2 0 . 8 5 2 . 8 0 9 9 . 5 
235 14 .70 2 . 8 0 9 4 . 6 
594 1 7 . 4 0 5 .00 84 .9 
1855 13 .20 8.20 6 8 . 5 
2827 11 .70 1 0 . 7 5 6 . 5 
4044 9 .50 1 2 . 9 4 4 . 5 
5312 7 .90 1 5 . 5 3 3 . 7 
7250 6 .70 1 8 , 4 2 5 . 2 
= 2 . 0 3 x 1 0 ' 4 s e c T 1 
T a b l e 34 . T r i m e t h y l a m i n e - C a t a l y z e d Deute r ium E x c h a n g e — 0 . 2 1 8 M 
0 .0218 M Amine 0 . 2 1 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0309 M Ammonium Ion 0 .0064 M I s o b u t y r a t e Ion 
Time 
Seconds PJ> Hi \ P e r Cent D 
0 20 .3 3 .05 9 8 . 0 
204 17 .2 5 , 1 86 .5 
892 1 2 . 5 7 .9 6 7 . 7 
1997 9 . 1 10 .4 4 9 . 8 
2968 8.6 16 .4 3 4 . 8 
5190 5 . 8 19 .6 2 0 . 3 
k o b s . = 3 .45 x 1 0 '
4 s e c T 1 
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T a b l e 3 5 . T r i m e t h y l a m i n e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 0 8 0 M_ 
0 .0080 M Amine 0.2.1 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0270 M Ammonium Ion 0 .0089 M_ I s o b u t y r a t e Ion 
Time 
Seconds D 2 H l P e r Cent D 
0 1 8 . 4 0 3 .9 9 2 . 7 
387 1 4 . 5 5 3 .50 90 .6 
855 16 .4 4 . 6 5 8 7 . 5 
1940 1 4 . 9 0 6 .20 7 8 . 8 
2839 1 2 . 8 7 .70 6 9 . 2 
3755 1 2 . 3 1 0 . 2 0 59 . 1 
4702 1 1 . 5 12 .10 52 .2 
5508 9 .3 1 2 . 4 0 4 5 . 0 
6105 9 .9 14 .20 4 2 . 7 
k , = 1.44 x 10 H s e c . 
o b s . 
T a b l e 3 6 . N - M e t h y l m o r p h o l i n e - C a t a l y z e d D e u t e r i u m Exchange 
0 .0246 M Amine 0 .0375 M Ammonium 
0 .32 M I s o b u t y r a l d e h y d e 0 .0150 M I s o b u t y r a t e Ion 
Time 
D 2 ( M i n u t e s ) Hi P e r Cent D 
23 2 0 . 8 3 .00 99 .0 
68 2 0 . 0 2 . 9 0 9 8 . 9 
292 1 9 . 2 3 .82 9 4 . 0 
394 2 3 . 0 4 . 9 2 9 2 . 5 
548 2 1 . 5 5 .40 89 .5 
1436 1 6 . 0 8.72 7 0 . 0 
3266 1 4 . 0 1 4 . 5 0 50 .0 
k Q b s = 4 . 5 1 x 1 0 " 6 s e c T 1 
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T a b l e 3 7 . T r i e t h y l e n e d i a m i n e - C a t a l y z e d Deuter ium Exchange 
0 .0250 M Amine 0 . 2 1 M I s o b u t y r a l d e h y d e 
0 .0215 M Ammonium Ion 0 .0150 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 H l P e r Cent D 
4 2 3 . 3 3 .9 9 7 . 0 
10 2 2 . 2 ' 5 . 1 9 5 . 2 
16 2 1 . 7 6 . 4 86 .0 
22 2 0 . 5 7 .4 81 .2 
29 1 9 . 3 - 8 .7 75 .2 
46 1 6 . 4 1 1 . 2 63 .0 
69 1 3 . 6 13 .6 5 1 . 6 
90 1 0 . 8 - . 1 6 , 1 39 .0 
125 8 .4 1 7 . 1 2 9 . 0 
k ^ = 1.62 x 1 0 ~ 4 s e c . " ' 1 
T a b l e 3 8 , j g - D i m e t h y l a m i n o e t h a n o l - C a t a l y z e d Deu te r ium Exchange 
0 . 0 2 8 1 M Amine 0 . 2 1 M I s o b u t y r a l d e h y d e 
0 .0350 M_ Ammonium Ion 0 .0052 M_ I s o b u t y r a t e Ion 
( M i n u t e s ) D 2 H l P e r Cent D 
18 1 9 . 0 0 .05 
94 19 ,8 4 . 5 8 7 . 5 
143 2 2 . 4 6 .9 82 .0 
195 2 1 . 8 9 .5 75 .0 
231 20 .0 1 1 . 3 6 8 . 5 
284 2 2 . 0 1 4 . 8 6 4 . 0 
330 20 .6 1 6 . 7 59 .0 
406 1 8 . 8 1 7 . 4 51 .0 
471 16 .7 1 9 . 4 49 .0 
543 1 4 . 5 20 .8 43 .0 
ko"h<3 = 2 . 7 3 x 1 0 "
5 s e c T 1 
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T a b l e 39 . N - M e t h y l d i e t h y l a m i n e - ^ C a t a l y z e d Deu te r ium Exchange 
0 .0187 M Amine 0 .30 M_ I s o b u t y r a l d e h y d e 
0 .0556 M Ammonium Ion 0 .010 M I s o b u t y r a t e Ion 
Time , 
( M i n u t e s ) D 2 Hi P e r Cent D 
25 16 .75 4 . 7 5 8 2 . 5 
44 1 7 . 8 5 9 . 2 67 .0 
11 19 .0 3 .0 9 1 . 0 
60 16 .2 1 1 . 3 6 2 , 5 
79 1 4 . 8 15 .0 5 2 . 0 
94 14 .4 1 5 . 5 46 .5 
113 1 2 . 2 1 9 . 7 37 .0 
132 1 1 . 3 2 1 . 6 3 3 . 5 
150 9 . 2 2 1 . 6 30 .0 
k , obs . = 1 .38 x 1 0 ~
4 secT 1 
T a b l e 4 0 . 
f f 
N , N , N , N - T e t r a m e t h y l e t h y l e n e d i a m i n e - C a t a l y z e d 
Deute r ium Exchange 
0 .0323 M Amine 0 . 3 0 M I s o b u t y r a l d e h y d e 
0 .0556 M Ammonium Ion 0 .010 M_ I s o b u t y r a t e Ion 
Time 
D 2 ( M i n u t e s ) H l P e r Cent D 
11 1 9 . 2 2 .10 95 
37 .5 1 7 . 2 3 .40 8 7 . 5 
62 1 6 . 4 4 .90 80 .3 
9 7 . 5 1 4 . 2 6 .10 7 2 . 8 
127 16 .4 8.40 6 8 . 5 
179 15 .0 1 1 . 0 0 59 .3 
206 1 3 . 2 11 .20 55 .5 
242 1 2 . 1 1 1 . 9 0 5 1 , 5 
k , , = 4 . 4 8 x 10 3 secT 
LZZ 
136 
T a b l e 4 1 . N - M e t h y l i m i d a z o l e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 4 7 1 M_ 
0 . 0 4 7 1 M Amine 0 .30 M_ I s o b u t y r a l d e h y d e 
0 .1232 M Ammonium Ion 0 . 0 1 5 8 M I s o b u t y r a t e Ion 
Time 
(Hour s ) D 2 P e r Cent D 
.50 19 .8 
1.3 1 7 . 4 
1 1 . 7 2 3 . 4 
2 5 . 0 ' 2 3 . 7 
4 0 . 2 20 .9 
6 3 . 5 20 .3 
8 7 . 3 2 2 . 6 
1 0 9 . 8 2 0 . 8 
141 .5 2 1 . 6 
1 6 4 . 5 20 .8 
1 .1 100 
1.3 9 7 . 5 
2 . 1 96 .5 
3 .5 9 1 . 0 
4 . 0 87 .6 
5 .6 82 ,0 
7 . 8 7 7 . 5 
8 .4 74 .0 
10 .2 7 0 . 5 
1 1 . 5 67 .0 
~ 7 s e c T 1 
T a b l e 4 2 . N - M e t h y l i m i d a z o l e - C a t a l y z e d D e u t e r i u m E x c h a n g e — 0 . 1 4 5 4 M 
0 .1454 M Amine 0 .52 M I s o b u t y r a l d e h y d e 
0 .3408 M Ammonium Ion 0 .019 3 M I s o b u t y r a t e Ion 
Time 
(Hour s ) D 2 H l P e r Cent D 
0 .7 2 2 . 9 1.20 99 
6 .8 19 .6 2 . 3 5 93 
1 1 . 8 2 2 . 7 4 . 1 0 89 
2 2 . 0 2 2 . 1 6 ,30 81 
31 .0 1 8 . 2 7 ,00 75 
45 .5 20 . 1 11 .85 65 
5 8 . 0 2 2 . 9 1 6 . 9 5 60 
72 .0 2 2 . 7 2 2 . 1 0 52 
8 2 . 5 18 ,6 20 .30 49 
100 .0 1 5 . 7 2 2 . 3 0 42 
k o b s . = 2 .47 x 1 0 '
6 s e c T 1 
137 
T a b l e 4 3 . T r i e t h a n o l a m i n e - C a t a l y z e d Deu te r ium Exchange 
0 .237 M Amine 0 . 5 5 M I s o b u t y r a l d e h y d e 
0 .142 M Ammonium. Ion 0 .0080 M I s o b u t y r a t e I o n 
Time 
( H o u r s ) °2 U± ; P e r Cent D 
7 .5 20 .0 2 .6 9 2 . 5 
1 7 . 0 20 .6 3 . 3 90 .5 
2 4 . 8 19 .6 3 .4 - 89 .0 
34 .0 20 .5 4 . 2 85 .0 
34 .0 19 .9 3 .8 87 .0 
153 .3 2 2 . 1 16 .1 60 .0 
251 ,5 13 .0 18 .0 4 1 . 0 
k o b s = 9 , 1 7 x 1 0 ~ 7 s e c T l 
T a b l e 4 4 . A c e t a t e I o n - C a t a l y z e d D e u t e r i u m E x c h a n g e — 0 . 8 3 3 M 
0 , 8 3 3 M A c e t a t e Ion 0 .52 M I s o b u t y r a l d e h y d e 
0 .156 M_ A c e t i c Acid 0 . 0 1 9 3 M_ I s o b u t y r a t e Ion 
Time 
(Hour s ) D 2 Hj P e r Cent D 
1 20 .45 1.2 99 
7 2 1 . 7 1.4 96 .5 
12 2 2 . 5 1.6 9 5 . 5 
22 2 1 . 7 2 . 5 9 4 . 3 
31 2 4 . 2 3 .5 9 1 . 3 
4 5 . 5 2 3 . 0 3 .7 9 0 . 0 
58 19 .6 3 .9 8 7 . 7 
72 21 .0 4 . 8 85 .0 
8 2 . 5 2 4 . 5 7 .2 8 0 . 5 
100 2 3 . 5 8 . 1 7 7 . 5 
3 2 4 . 5 1 2 . 5 1 7 . 2 4 2 . 5 
k , = 7 ,40 x 1 0 " 7 s e c T 1 obs . 
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T a b l e 4 5 . A c e t a t e I o n - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 3 1 9 M_ 
0 .319 M_ A c e t a t e Ion 0 .16 M_ I s o b u t y r a l d e h y d e 
0 ,319 M A c e t i c Ac id 
Time 
(Hours ) D 2 Hj_ P e r Cent D 
0 2 1 . 5 2 ,9 100 
108 19 .0 3 .7 94 
281 1 8 . 7 8 .5 75 
440 1 5 . 0 9 . 8 64 
440 1 3 . 1 8 .5 64 
611 10 .6 1 0 . 6 51 
k , = 3 .00 x 1 0 - 7 s e c T 1 
T a b l e 46 „ 2 , 4 - L u t i d i n e - C a t a l y z e d Deu te r ium Exchange 
0 .170 M Amine 0 . 0 0 5 M_ Ammonium Ion 
0 . 2 1 M I s o b u t y r a l d e h y d e - 2 - d 0 .005 M I s o b u t y r a t e Ion 
Time 
( H o u r s ) D 2 H-|_ P e r Cent D 
0 2 1 , 4 .03 100 
0 2 4 . 8 2 . 4 9 7 . 5 
2 3 . 7 2 2 . 0 5 .7 85 .5 
5 0 . 4 1 1 8 . 2 9 .2 7 2 , 0 
72 .95 1 5 . 0 9 . 4 6 1 . 0 
99 .02 1 7 . 4 1 8 . 0 5 2 . 5 
k , = 1.85 x 1 0 ' 6 ' s e c T 1 
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Tab l e 4 7 . 4 - P i c o l i n e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 5 5 6 M 
0 .0556 M_ Amine 0 .30 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .1232 M Ammonium I o n 0 .0105 M I s o b u t y r a t e Ion 
Time 
(Hour s ) D 2 Hi P e r Cent D 
0 2 2 . 8 1.30 99 
0 . 7 2 1 . 4 1.10 99 
16 .5 20 .9 4 . 5 5 95 
30 .5 2 3 . 3 3 .30 9 1 . 5 
4 5 . 0 20 .9 4 . 5 5 86 .0 
6 8 . 5 1 9 . 2 6 .10 79 .0 
9 2 . 5 22 .9 9 .10 7 4 . 5 
115 ,5 2 1 . 1 10 .80 6 8 . 5 
146 .8 2 2 . 4 13 .80 64 .0 
170 .0 20 .4 1 4 . 0 0 6 1 . 0 
188 .0 13 .6 9 .50 6 1 . 0 
261 .0 1 6 . 6 13 .80 56 .0 
282 .0 14 .8 16 .70 4 8 . 0 
k o b s . = = 8.0 x 1 0 ~
7 s e c T 1 
T a b l e 4 8 . 4 - P i c o l i n e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 1 7 8 8 M 
0 . 1 7 8 8 M Amine 0 .52 M I s o b u t y r a l d e h y d e - 2 - d 
0 . 3 4 1 M Ammonium Ion 0 .0193 M I s o b u t y r a t e Ion 
Time 
( H o u r s ) D 2 Hi P e r Cent D 
.5 2 2 . 5 0 .9 9 9 . 0 
6 . 5 2 1 . 3 2 . 6 9 3 . 3 
1 1 . 8 23 .3 4 . 8 87 .0 
2 3 . 0 2 0 . 6 7 . 1 7 7 . 5 
3 1 . 0 2 1 . 3 9 . 8 7 1 . 3 
4 5 . 3 2 3 . 6 1 8 . 2 5 8 . 3 
5 8 . 0 20 .7 1 9 . 5 53 .0 
7 2 . 0 1 7 . 0 2 1 . 0 45 .5 
82 .0 1 3 . 9 20 .0 4 1 . 0 
100 .0 1 0 . 0 2 0 . 3 3 3 . 0 
k , = 3 .00 x 1 0 " 6 secT 
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T a b l e 4 9 . 2 , 4 , 6 - T r i m e t h y l p y r i d i n e - C a t a l y z e d Deu te r ium Exchange 
0 .0891 M_ Amine 
0 .1512 M Ammonium Ion 
Time 
(Hour s ) D 2 Hj_ P e r Cent D 
0 .52 M _ I s o b u t y r a l d e h y d e - 2 - d 




2 2 . 8 
2 1 . 8 
20 . 1 
1 .1 
3 . 1 
6 . 1 
100 
93 (Twice ) 
80 (Twice) 
' o b s . 1.10 x 1 0 "
7 s e c T 1 
T a b l e 5 0 . 2 , 6 - L u t i d i n e - C a t a l y z e d Deu te r ium Exchange 
0 . 1 6 1 Amine 0 .52 M I s o b u t y r a l d e h y d e - 2 - d 
0 .345 M Ammonium Ion 0 .022 M I s o b u t y r a t e Ion 
Time 
(Hours ) D 2 Hj_ P e r Cent D 
1 2 1 . 6 1 .1 100 
210 2 1 . 1 2 . 4 9 4 . 5 (Twice) 
534 20 . 1 4 . 7 85 (Twice). 
k o b s = 8 * 5 5 x 1 0 ~ 8 s e c T 1 
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T a b l e 5 1 . ' P y r i d i n e - C a t a l y z e d D e u t e r i u m Exchange 
0 .714 M Amine 0 .55 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .215 M_ Ammonium Ion 0 .008 M_ I s o b u t y r a t e Ion 
Time (Hours ) " : : ~ T l J P e r Cent D 
120 2 2 . 7 2 . 7 93 
456 19 .8 5.0 83 
622 2 3 . 4 8 ,3 77 
736 2 1 . 8 6 .8 81 
1017 20 .5 1 0 , 4 69 
1017 2 1 . 7 10 ,9 69 
1292 2 3 . 6 1 5 , 5 63 
1292 2 3 . 4 15 ,0 63 
1475 20 .1 15 .6 58 
1591 20 .9 16 .9 57 
1593 2 0 . 2 16 .5 57 
2037 1 8 . 8 1 7 . 8 52 
2040 18 .0 18 .0 51 
2332 1 8 . 8 - 23 .3 46 
2334 18 .4 2 3 . 4 45 
k o b s . : = 5 .63 x 1 0 "
6 s e c T 1 
T a b l e 5 2 . 3 , 4 - L u t i d i n e - C a t a l y z e d Deu te r ium Exchange 
0 .127 M Amine 0 .55 M I s o b u t y r a l d e h y d e - 2 - d 
0 .112 M Ammonium 0 .008 M I s o b u t y r a t e Ion 
Time ( M i n u t e s ) D 2 H l P e r Cent D 
103 22 .9 2 . 8 93 
463 22 .5 3 .7 90 
625 19 .9 4 . 6 85 
740 2 0 . 8 4 . 8 85 
1024 2 3 . 7 8 .3 77 
1298 1 8 . 6 8 .8 71 
1298 19 .8 8 .4 73 
1485 19 .7 9 .5 70 
1486 18 .5 8.9 70 
1597 18 .6 9 .2 70 
1599 1 8 . 3 1 0 . 7 66 
2045 2 1 . 9 15 .9 60 
2045 2 2 . 3 16 .3 59 
2337 2 2 . 1 18 .0 57 
2339 2 4 . 2 1 9 . 2 • 58 
k o b s . = 4 . 0 5 x 1 0 "
6 s e c T 1 
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T a b l e 5 3 . T r i m e t h y l a m i n e - N - O x i d e - C a t a l y z e d Deu te r ium Exchange 
0 .332 M_ Amine-N-Oxide 0 .55 M I s o b u t y r a l d e h y d e - 2 - d 
0 .078 M_ Ammonium-N-Oxide 0 . 0 1 0 1 M_ I s o b u t y r a t e Ion 
Time 
(Hour s ) D2 Hi P e r Cent D 
0 .0 2 4 . 2 
0 .75 2 3 . 0 
2 .00 2 4 . 1 
12 .0 2 3 . 7 
25 ,0 19 .2 
35 .5 19 .8 
48 .8 20 .2 
k , = 1 . o b s . 
1.0 100 
1 .1 100 
1.4 99 
3 .5 9 1 
4 . 3 85 
6 .5 79 
9 .0 74 
x 10~ t o secT 
T a b l e 5 4 . Sodium P h e n o x i d e - C a t a l y z e d Deu te r ium E x c h a n g e — 0 . 0 2 6 7 M 
0 . 2 1 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0052 M_ I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 H-|_ P e r Cent D 
9 22 .4 , 1.4 100 
38 20 .3 3 .5 86 ,5 
95 16 .4 6 .5 77 .0 
166 16 .0 1 1 . 7 6 2 . 0 
212 1 7 . 7 17 .0 54 .0 
252 17 .0 19 .3 50 ,0 
286 1 5 . 4 1 9 . 6 4 7 , 0 
327 1 3 . 6 2 0 . 8 42 ,0 
451 1 1 . 4 2 2 . 4 35 ,0 
451 9 .0 
obd . 
19 .3 
= 4 . 6 1 x 1 0 ~ 5 s e c . " 1 
33 .0 
0 .0267 M̂  Phenox ide Ion 
0 .0371 M P h e n o l 
143 
T a b l e 5 5 . Sodium P h e n o x i d e - C a t a l y z e d Deu te r ium Exchange—0.0299 M 
0 .0299 M Phenox ide 0 .21. M I s ob u t y r a l d e h y de - 2 --d 
0 .0339 M Pheno l 0 .0120 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hi P e r Cent D 
22 2 1 . 0 • 2 . 8 92 
48 2 3 . 3 5 .6 84 
72 2 2 . 0 7 , 1 79 
120 2 2 . 6 1 2 . 4 67 
165 16 „7 1 2 . 6 59 
190 1 8 . 5 16 .4 55 
213 1 7 . 2 1 7 . 5 51 
235 16 .5 1 7 . 6 49 
270 1 5 . 3 2 0 , 0 44 
k V- = 5 .25 
-S - 1 x 10 3 s e c . 
obs . 
Tab le . 56 . Sodium m - C h l o r o p h e n o x i d e - C a t a l y z e d Deu te r ium Exchange 
0 .0275 M Phenox ide Ion 0 . 2 1 M I s o b u t y r a l d e h y d e - 2 - -d 
0 .0393 M Pheno l 0 .012 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 H l P e r Cent D 
7 2 3 . 0 0 .90 100 
19 2 2 . 5 1.60 98 
50 2 4 . 3 2 .75 94 
90 2 1 . 1 3 .95 88 
150 21.2 . 5 .60 83 
206 21 .0 7 .10 78 
246 20 .5 8 .15 74 
316 2 3 . 3 1 1 . 5 0 70 
386 20 .8 12 .90 64 
476 19 .2 1 3 , 2 0 . 6 1 
512 22 .0 18 ,00 57 
589 1 7 . 1 1 7 , 1 0 51 
obs . = 1.90 x 1 0 "
5 s e c T 1 
I 
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T a b l e 5 7 , Sodium p - C h l o r o p h e n o x i d e - C a t a l y z e d Deu te r ium Exchange 
0 . 0 4 0 7 M Phenox ide Ion 0 . 2 1 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .0627 M P h e n o l 0 ,0012 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hj_ P e r Cent D 
1 1 18 ,3 1.72 96 
56 1 9 . 3 5 .00 83 
84 1 7 . 8 6 .60 76 
116 1 5 . 8 8,40 68 
168 16 .8 12 .70 59 
204 1 4 . 4 11 .80 57 
236 16 ,3 1 8 . 7 5 , 48 
282 1 4 . 5 20 .40 43 
352 1 1 . 7 2 1 . 3 5 35 
425 9 .6 22 .80 27 
= 5 . 1 3 x 1 0 - 5 s e c T 1 
T a b l e 5 8 . Sodium o - C h l o r o p h e n o x i d e - C a t a l y z e d D e u t e r i u m Exchange 
0 .0244 M Phenox ide Ion 0 .42 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0620 M P h e n o l 0 .015 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hj_ P e r Cent D 
56 2 2 . 2 2 , 2 95 
275 2 2 . 0 5 .5 84 
275 2 2 . 4 5 . 8 83 
616 2 1 . 6 9 . 3 73 
787 2 0 . 1 1 1 . 7 66 
1440 1 8 . 8 2 0 . 9 48 
k , = 8 .18 x 10 6 s e c T 1 
145 
T a b l e 5 9 . Sodium o - C r e s o l a t e - C a t a l y z e d Deu te r ium Exchange 
0 .0243 M Phenox ide 0 .42 M I s o b u t y r a l d e h y d e - 2 - -d 
0 .0210 M P h e n o l 0 .015 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 H l P e r Cent D 
36 2 0 . 9 3 .9 89 
45 1 7 . 9 4 . 0 85 
64 16 .9 5 . 3 79 
78 2 1 . 3 8.6 74 
80 2 0 . 8 8 . 1 75 
95 2 0 . 4 9 .3 71 
137 18 .7 1 1 . 6 65 
200 1 7 , 8 
k u obs . = 5 .45 
1 5 . 3 
x I © - 5 s e c T 1 
55 
T a b l e 6 0 . Sodium p - C r e s q l a t e - C a t a l y z e d Deu te r ium Exchange 
0 .0275 M P h e n o x i d e Ion 0 . 2 1 M I s o b u t y r a l d e h y d e - 2 -d 
0 .0527 M P h e n o l 0 .0120 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hi P e r Cent D 
9 1 9 . 0 0 2 . 1 0 94 
42 16 .10 5 .00 80 
99 1 5 . 6 0 1 1 . 2 0 60 
131 1 3 . 9 0 13 .20 55 
163 1 1 . 9 0 1 5 . 1 0 45 
199 • 12 .30 2 0 . 8 0 37 
246 10 .35 2 1 . 7 0 32 
317 8 .85 
o b s . = 8 .03 
23 .20 
x 1 0 - 5 s e c T 1 
27 
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T a b l e 6 1 . Sodium m - N i t r o p h e n o x i d e - C a t a l y z e d D e u t e r i u m Exchange 
G.0143 M Phenox ide Ion 0 . 2 1 M_ I s o b u t y r a l d e h y d e - 2 - d 
0.G340 M Pheno l 0 .012 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hi P e r Cent D 
15 20 .80 0 .50 100 
74 2 2 . 6 0 2 .10 96 
351 1 7 . 4 0 3 .20 89 
623 20 .80 5 .32 83 
1168 2 3 . 2 5 9 .50 74 
1500 2 1 . 6 0 1 1 . 1 0 69 
2185 2 3 . 0 0 14 .50 63 
2500 1 9 . 3 0 16 .05 56 
1 7 . 6 0 1 6 . 1 0 54 
k ^ = 4 . 0 8 x 1 0 ~ 6 s e c T 1 
s . 
T a b l e 6 2 . Sodium p - N i t r o p h e n o x i d e - C a t a l y z e d D e u t e r i u m Exchange 
0 .0295 M Phenox ide Ion 0 . 2 8 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0368 M P h e n o l 0 .010 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hj_ P e r Cent D 
427 2 2 . 8 3 . 7 90 
3560 2 1 . 5 1 1 . 9 67 
6360 1 5 . 4 1 3 . 7 54 
10200 13 .0 1 8 . 8 42 
k , = 1 .53 x 1 0 " 6 s e c T 1 obs . 
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Tab le 6 3 . N - M e t h y l p i p e r i d i n e - C a t & l y z e d Deute r ium Exchange 
0 .0154 M Amine 0 .42 , M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .0157 M Ammonium Ion 0 .0037 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 . H l P e r Cent 
CO 2 1 . 8 0 2 . 1 95 
33 1 9 . 2 5 2 . 7 92 
36 2 0 . 9 0 2 . 8 92 
54 20 .00 3 .5 89 
73 19 .20 4 . 1 86 
124 2 2 . 7 0 7 .6 78 
235 19 .30 9 . 9 70 
680 1 9 . 2 5 19 .6 50 
obs . = 2 . 6 3 x 1 0 '
5 s e c T 1 
T a b l e 6 4 . N - M e t h y l p y r r o l i d i n e - C a t a l y z e d D e u t e r i u m Exchange 
0 .0148 M Amine 0 .42 M _ I s o b u t y r a l d e h y d e - 2 - d 
0 .0279 M Ammonium Ion 0 .0037 M I s o b u t y r a t e Ion 
Time 
( M i n u t e s ) D 2 Hi P e r Cent D 
1 0 . 5 1 9 . 7 5 2 . 1 94 
2 5 . 7 2 3 . 2 6 . 3 82 
36 .5 2 1 . 5 8 .2 7 5 . 3 
54 .25 1 8 . 6 1 0 . 6 66 
7 4 . 7 16 .8 1 2 . 5 59 
83 .5 1 6 . 0 1 3 . 6 5 5 . 5 
97 1 5 . 0 1 4 . 7 5 1 . 5 
148 1 3 . 4 2 1 . 3 39 
k . = 1 .18 x 1 0 " 4 s e c T 1 
JL 
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T a b l e 6 5 . Deu te r ium Exchange o f I s o b u t y r a l d e h y d e - 2 - d a t 60° 
0 .0048 M A c e t a t e Ion 0 . 2 7 8 M I s o b u t y r a l d e h y d e - 2 - d 
0 .0025 M I s o b u t y r i c Acid 
S e a l e d Tube 
Number Time ( H o u r s ) D 0 H, P e r Cent D 
1 0 2 2 . 9 0 .90 100 
2 0 23 .9 1.90 100 
3 0 23 .8 1.50 100 
1 26 24 .0 2 .90 9 3 . 2 
2 26 19 .20 2 .30 9 3 . 3 
3 26 2 3 . 9 5 2 .60 9 4 . 2 
1 5 0 - 1 / 2 2 3 . 7 0 3 .30 9 1 . 7 
2 5 0 - 1 / 2 , 1 9 . 4 5 2 .30 9 3 . 4 
3 5 0 - 1 / 2 2 3 . 9 0 3 .10 9 2 . 5 
1 93 21 .70 3 .40 90 .4 
2 .93. 2 2 . 2 "3.70 89 .6 
3 93 23 .90 3 .10 9 2 . 5 
1 1 3 9 - 1 / 2 23 .70 5 .10 86 .0 
2 1 3 9 - 1 / 2 1 8 . 8 5 4 .32 85 .0 
3 1 3 9 - 1 / 2 • vj , 20 .20 4 ; 80 8 4 . 5 
1 1 9 1 - 1 / 2 21 .30 5 .30 84 .0 CM 1 9 1 - 1 / 2 2 1 . 8 0 5 .25 84 .0 
3 1 9 1 - 1 / 2 21 .80 5 .55 8 4 . 5 
1 2 0 8 - 3 / 4 2 2 . 6 0 6 .40 8 1 . 1 
2 2 0 8 - 3 / 4 2 3 . 2 5 7 .00 8 0 . 1 CO 2 0 8 - 3 / 4 2 0 . 5 5 5 .75 80 .2 
1 2 1 7 - 1 / 4 23 .00 6 .50 81 .0 
2 2 1 7 - 1 / 4 23 .20 7 .10 79 .7 
CO
 
2 1 7 - 1 / 4 2 3 . 3 0 7 .00 80 .2 
1 500 2 1 . 6 14 .2 62 .0 
2 500 2 3 . 2 1 4 . 2 6 4 . 0 
3 500 1 9 . 8 1 3 . 2 6 2 . 0 
149 
Tab l e 6 6 . Deu te r ium Exchange o f I s o b u t y r a l d e h y d e - 2 - d a t 100° 
0 .00483 M A c e t a t e Ion 0 .278 M I s o b u t y r a l d e h y d e - 2 - d 
0 .035 M I s o b u t y r i c Acid 
S e a l e d Tube 
Number 
Time 













2 1 . 4 5 
20 .70 
2 1 . 3 0 
22 .20 
2 4 . 3 0 
19 .70 









' 9 .10 
1 1 . 2 8 
9 . 8 0 





2 2 . 1 5 
8 9 . 1 
88 .6 
7 4 . 1 
7 3 . 8 
71o0 
72 .0 
6 3 . 6 
6 3 . 0 
5 9 . 8 
57 .6 
46 .0 
4 6 . 3 
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T a b l e 6 7 . Deute r ium Exchange i n 0 . 2 1 1 M N - M e t h y l m o r p h o l i n e — 
0 .22 M_Methylammonium Ion 
0 .211 M N-Methy lmorpho l ine 0 .22 M MeNHgCl 
0 .212 M N-Methy lmorpho l in ium Ion 
E x p e r i m e n t Time 
Number ( M i n u t e s ) D 2 Hj_ P e r Cent D 
16 15 20 .1 3 .6 88 
16-32 17 19 .3 3 . 7 88 
16 22 1 9 . 1 4 . 5 85 
16 27 • 19 .4 4 . 9 83 
32 28 16 .0 5.9 76 
16 29 17 .9 5 .5 80 
32 34 16 .4 6 .2 76 
16 35 16 .8 6 . 3 76 
26 36 14 .6 5 .8 74 
16 38 15 .9 6 . 7 75 
32 41 1 4 . 2 6 .0 73 
16 44 14 .2 7 . 8 71 
16 49 15 .0 7 .6 69 
32 49 1 4 . 3 7 . 8 67 
16 59 1 4 . 5 8 .7 65 
32 59 1 2 . 4 8 . 1 64 
26 63 1 3 . 7 8 .8 62 
16 67 1 3 . 9 9 .9 60 
32 69 1 1 . 6 6 . 8 57 
16 73 1 3 . 8 1 1 . 8 58 
32 78 1 2 . 5 1G.7 55 
16 82 1 2 . 5 10 .8 55 
26 82 12 .8 12 .6 52 
32 86 9 . 8 1 0 . 7 48 
32 89 1 0 . 9 11 .9 49 
16 92 1 1 . 3 1 1 . 8 50 
32 97 8.6 10 .3 46 
32 100 8.0 1 2 . 2 40 
26 101 1 0 . 2 1 1 . 9 47 
26 116 9 .6 1 5 . 0 40 
k ^ = 1 .28 
o b s . 
x 1 0 " 4 s e c T 1 
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Tab l e 6 8 . Deu te r ium Exchange i n 0 . 2 1 1 M N - M e t h y l m o r p h o l i n e 
0 . 2 1 1 M_N-Methylmorpholine 0 .14 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .212 M N-Methy lmorpho l in ium Ion 0 ,22 M_ Sodium P e r c h l o r a t e 
Time 
( M i n u t e s ) D 2 % P e r Cent D 
4 . 8 18 .8 . 1.5 96 
15 .3 1 9 . 6 2 .3 93 
25 .0 2 2 . 3 3 .6 90 
40 .8 - 2 1 , 0 1 3.5" 90 
5 5 . 5 2 0 . 6 5 . 1 84 
6 9 . 5 1 9 . 0 4 . 7 84 
8 3 . 8 2 0 . 4 5 . 8 81 
96 .0 1 9 . 2 6 . 8 77 
1 1 7 . 0 1 8 . 1 6 . 7 76 
1 2 8 . 8 1 8 . 4 7 .9 73 
1 4 3 . 5 1 7 . 4 7 .9 71 
160 .0 1 7 . 1 9 . 3 67 
182 .0 1 4 . 8 9 .5 63 
2 0 6 . 5 14 .9 9 . 8 62 
2 3 1 . 8 1 4 . 5 1 1 . 2 58 
2 6 5 . 0 1 3 . 0 1 1 . 2 55 
2 8 1 . 5 1 2 . 9 1 1 . 5 54 
2 9 3 . 5 12 .3 1 1 . 7 52 
306 .5 1 1 . 7 23 .9 50 
= 3 .75 x 1 0 " 5 s e c T 1 
o b s . 
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Tab le 6 9 . Deu te r ium Exchange i n 0 . 2 1 1 M_N-Methylmorphol ine— 
0 .132 M_ Methylammonium Ion 
0 . 2 1 1 M N-Methy lmorpho l ine 0 .132 M_Methylammonium Ion 
0 .212 M N-Methy lmorpho l in ium Ion 0 .14 M I s o b u t y r a l d e h y d e - 2 - d 
0 . 0 9 8 M Sodium P e r c h l o r a t e 
Time 
( M i n u t e s ) D 2 H-j_ P e r Cent D 
20 19 .0 3 .6 88 
21 1 9 . 5 3 .4 89 
24 1 9 . 2 4 . 0 87 
34 1 8 . 4 4 . 9 83 
35 18 . 3 6 . 0 79 
40 1 6 . 7 5 . 1 80 
41 1 8 . 3 5 .6 80 
47 1 7 . 5 6 . 4 76 
48 1 7 . 7 6 . 8 75 
55 16 .8 7 .5 72 
59 1 7 . 2 7 . 8 72 
66 16 .0 8 .4 68 
72 16 .7 9 .9 65 
77 1 5 . 0 9 .4 64 
85 1 3 . 2 8 .4 6 1 
100 1 3 . 9 10 .9 58 
110 1 3 . 0 1 1 . 2 55 
118 1 5 . 5 1 4 . 2 54 
123 1 4 . 5 1 4 . 9 52 
k ^ = 9 . 5 5 x 1 0 " 5 s e c T 1 
o b s . 
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T a b l e 7 0 . D e u t e r i u m Exchange i n 0 .211 M_ N - M e t h y l m o r p h o l i n e — 
0.176 M_ Methylammonium Ion 
0 . 2 1 1 M_ N-Methy lmorpho l ine 0 .176 M_ Methylammonium Ion 
0 .212 M_ N-Methy lmorpho l in ium Ion 0 .14 M I s o b u t y r a l d e h y d e - 2 - d 
0 .044 M Sodium P e r c h l o r a t e 
E x p e r i m e n t Time 
Number ( M i n u t e s ) D 2 Hj_ P e r Cent D 
19 7 . 3 2 0 . 5 2 .5 94 
19 8 .5 1 9 . 3 2 . 3 94 
19 9 . 3 2 1 . 0 , 2 . 5 94 
19 1 3 . 8 , 1 8 . 8 4 . 2 86 
19 15 .0 1 8 . 7 3 .7 84 
19 20 .0 1 9 . 2 4 . 0 85 
33 2 0 . 0 17 .2 4 . 1 85 
19 2 6 . 8 1 8 . 7 4 . 7 84 
33 29 .0 1 7 . 6 5 . 3 80 
27 34 .0 8 .5 3 .0 77 
19 • 3 5 . 0 '.. 1 7 . 4 5 ,7 79 
33 35 .0 1 4 , 9 6 , 7 72 
33 4 3 . 3 15 .9 6 .9 73 
19 4 5 , 4 17 ,0 6 .3 74 
33 5 1 , 3 1 5 . 1 8,0 68 
27 5 4 , 5 7 . 3 3 . 3 72 
19 . 5 6 , 5 1 4 . 7 9 . 3 68 
33 6 0 . 5 1 3 . 4 8 .2 64 
19 6 8 . 5 14 .1 8 .9 • 63 
33 74 .0 1 3 . 5 1 0 . 4 59 
27 74 .0 5 .8 4 . 1 6 1 
19 83 .0 1 3 . 3 1 1 . 4 55 
33 90 .5 1 1 . 3 1 1 . 2 52 
19 9 2 . 0 1 2 . 7 1 1 . 6 54 
33 9 5 . 0 10 .9 9 .6 55 
27 9 5 . 5 4 . 8 4 . 7 52 
27 9 8 . 0 6 . 1 5 ,7 53 
19 1 0 2 . 5 1 1 . 9 1 1 . 8 51 
27 1 2 9 . 0 5 .2 6 ,4 46 
k o b s . = 1.13 x 1 0 "
4 s e c T 1 
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T a b l e 7 1 . Deu te r ium Exchange i n 0 . 2 1 1 M_N-Methylmorphol ine— 
0 .088 M Methylammonium Ion 
0 . 2 1 1 M N - M e t h y l m o r p h o l i n e 0 .083 M_ Methylammonium Ion 
0 . 2 1 2 M N-Methy lmorpho l in ium Ion 0 . 1 4 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .132 M Sodium P e r c h l o r a t e — 
E x p . No. Time ( M i n s . ) D 2 H-L P e r Cent D 
20 4 . 5 1 7 . 9 2 . 5 89 
20 7 . 3 19 .0 1.8 95 
20 14 .0 2 0 . 6 2 , 2 94 
20 23 .0 1 9 . 7 3 .0 91 
20 32 .0 1 8 . 8 4 . 2 86 
28 37 .0 8.9 2 . 8 80 
20 4 3 . 5 1 8 . 4 5 , 3 81 
28 5 7 . 5 7 . 7 3 . 3 73 
20 5 4 . 3 1 7 . 3 6 . 3 76 
20 63 .3 1 6 . 4 ' 6 , 7 74 
28 75 .0 6 . 7 4 . 5 62 
20 76 .3 16 .0 7 . 1 72 
20 80 .0 1 6 , 3 7 .5 71 
20 8 7 . 3 1 4 . 4 7 .5 68 
20 1 0 2 . 5 1 4 . 7 8 .8 65 
20 1 1 5 . 0 1 4 . 2 1 0 . 2 60 
28 116 .0 5 . 3 4 . 6 56 
20 123 .0 1 3 . 1 1 0 . 2 58 
20 1 3 5 . 3 1 2 , 5 1 1 . 1 55 
28 1 4 3 . 0 5 .2 4 . 9 53 
20 151 .0 1 2 . 3 1 1 . 5 53 
k o b s . = 7 ' 3 1 x 1 0 ~
5 s e c T 1 
T a b l e 7 2 . D e u t e r i u m Exchange i n 0 . 2 1 1 M N - M e t h y l m o r p h o l i n e — 
0 . 0 4 4 M Methylammonium Ion 
0 . 2 1 1 M N - M e t h y l m o r p h o l i n e 0 .044 M Methylammonium Ion 
0 .212 M N-Methy lmorpho l in ium Ion 0 . 1 4 M I s o b u t y r a l d e h y d e - 2 - d 
0 .176 M Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 • Hi • P e r Cent D 
55 1 8 . 6 4 . 8 83 
77 16 .8 , 5 . 6 78 
110 1 4 . 6 7 . 1 70 
131 1 3 . 9 8 .3 65 
172 1 1 . 1 10 . 1 54 
191 1 1 . 1 , 1 2 . 0 49 
k o b s . = 5 ' 7 8 x 1 0 - 5 s e c T
1 
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T a b l e 7 3 . D e u t e r i u m ' E x c h a n g e i n 6.18.7 M_ N - M e t h y l m o r p h o l i n e — 
0 .030 M Methylammonium Ion 
0 .187 M_N-Methylmorpholine 0 .030 M_Methylammonium Ion 
0 .075 M_N-Methylmorpholinium Ion 0 .22 M I s o b u t y r a l d e h y d e - 2 - d 
0 .128 M Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 P e r Cent D 
20 2 1 . 0 3 .9 88 
31 2 2 . 5 4 . 9 86 
34 2 1 . 9 4 . 5 87 
67 2 1 . 5 6 . 4 80 
70 2 2 . 4 6 . 2 82 
106 1 8 . 8 9 .0 71 
140 1 8 . 7 1 1 . 4 65 
143 1 4 . 7 7 .5 69 
172 17 .6 13 .0 60 
19 8 1 8 . 3 14 . 7 57 
k o b s . 4 . 5 0 x 1 0 "
5 s e c T 1 
T a b l e 7 4 . Deu te r ium Exchange i n 0 . 1 8 7 M_N-Methylmorphol ine— 
0 .070 M Methylammonium I o n 
0 .187 M N - M e t h y l m o r p h o l i n e 0 .070 M_Methylammonium Ion 
0 .075 M_ N-Methy lmorpho l in ium 0 .005 M_ I s o b u t y r a t e I o n 
0 .22 M_ I s o b u t y r a l d e h y d e - 2 - d 0 .105 M Sodium P e r c h l o r a t e 
Time D 2 H l P e r Cent D 
1 3 . 7 2 3 . 3 3 . 3 9 1 . 5 
3 4 . 5 2 2 . 1 3 .8 8 8 . 5 
37 .8 1 7 . 6 3 . 4 8 6 . 8 
4 1 . 7 1 7 . 5 7 .0 85 .0 
49 .5 1 8 . 6 5 .2 81 .5 
5 6 . 3 1 8 . 9 5 . 1 8 2 . 0 
6 8 . 5 1 8 . 1 5 .4 80 .0 
8 5 . 5 1 8 . 4 7 . 3 7 4 . 5 
1 0 5 . 3 16 .4 9 . 2 6 6 . 0 
1 3 0 . 5 1 6 . 4 1 0 . 6 6 3 . 0 
1 4 8 . 5 1 5 . 5 1 1 . 8 5 8 . 8 
166 .5 1 5 . 6 1 2 . 9 56 .3 
1 9 6 . 8 1 3 . 1 1 4 . 7 4 8 . 0 
202 ,0 1 4 . 3 1 5 . 5 4 8 . 8 
2 0 5 . 5 14 .6 1 4 . 9 5 0 . 7 
2 3 3 . 5 1 2 . 2 
k K 
o b s . 
1 4 . 2 
= 5 .88 x 1 0 " 5 s e c T 1 
4 7 . 0 
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T a b l e 7 5 . Deu te r ium Exchange i n 0 .187 M_N-Methylmorphol ine— 
0 .176 M_ Methylammonium Ion 
0 .187 M_ N-Methy lmorpho l ine 0 .176 M_ Methylammonium I o n 
0 .075 M_N-Methylmorpholinium Ion 0 .22 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 - .  Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) = D 2 . % P e r Cent D 
7 2 2 . 3 7 •  < v 3 . 8 89 .0 
1 4 . 3 2 1 . 4 3 . 8 88 .0 
1 7 . 8 2 1 . 5 4 . 2 8 7 . 5 
3 3 . 0 2 0 . 2 6 . 1 8 0 . 3 
5 1 . 0 1 9 . 1 7 . 8 7 4 . 0 
6 7 . 3 1 7 . 2 8 .4 66 .5 
8 4 . 5 16 .0 1 0 . 3 6 2 . 0 
116 .0 1 3 . 0 1 2 . 5 5 2 . 0 
1 4 9 . 0 10 .7 1 3 . 1 4 5 . 0 
k = 9 .9 x 1 0 " 5 s e c T 1 
o b s . 
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T a b l e 7 6 . Deu te r ium Exchange* in- 0 .189 M_ N - M e t h y l m o r p h o l i n e — 
0 . 1 4 1 M_ Methylammonium I o n , I o n i c S t r e n g t h 0 .342 
0 .189 M N-Methy lmorpho l ine 0 . 1 4 1 M Methylammonium Ion 
0 .073 U_N-Methyimorpholinium Ion 0 . 2 2 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .152 M Sodium P e r c h l o r a t e 
Time TJ~ 'f " H7 P e r Cent D 
15 2 1 . 6 7 .9 76 
1 7 . 8 2 2 . 3 8 .2 76 
1 8 . 8 2 2 . 5 7 .9 77 
2 3 . 0 2 0 . 6 8 .8 73 
2 5 . 2 70 .6 8.6 73 
2 8 . 8 2 0 . 8 8 .8 73 
3 7 . 4 2 1 . 1 1 0 . 3 70 
39 .3 2 1 . 3 10 .6 68 
4 8 . 7 1 9 . 8 1 1 . 4 66 
50 .3 1 8 . 7 1 1 . 5 64 
5 8 . 7 1 8 . 3 1 1 . 2 64 
6 0 . 7 17 .9 1 2 . 4 61 
6 8 . 7 1 7 . 5 1 2 . 4 61 
70 .4 1 7 . 9 1 3 . 2 60 
90 .8 1 6 . 1 13 .2 56 
9 2 . 4 1 5 . 9 1 4 . 0 55 
9 4 . 1 1 5 . 9 1 4 . 4 54 
1 0 6 . 3 1 5 . 1 1 5 . 3 51 
1 0 8 . 1 1 5 . 3 1 5 . 0 52 
1 1 0 . 1 1 9 . 3 1 8 . 8 52 
126 .2 1 3 . 5 1 5 . 7 47 
1 6 1 . 3 1 5 . 8 21 .2 43 
1 7 3 . 3 1 4 . 3 2 2 . 2 40 
2 1 1 . 0 1 0 . 9 3 0 . 4 35 
226 .0 10 .3 2 0 . 9 33 
k = 6 .70 x 1 0 " 5 s e c T 1 
o b s . 
158 
Tab le 7 7 . Deu te r ium Exchange i n 0 .189 M_ N - M e t h y l m o r p h o l i n e — 
0 . 1 4 1 M_Methylammonium I o n , I o n i c S t r e n g t h 0 .249 
0 .189 M_ N-Methy lmorpho l ine 0 . 1 4 1 M_ Methylammonium I o n 
0 . 0 7 3 M N-Methy lmorpho l in ium 0 .22 M I s o b u t y r a l d e h y d e - 2 - d 
0 .035 M Sodium P e r c h l o r a t e 
Time D H P e r Cent D 
1 1 . 0 2 0 . 8 7 . 6 76 
2 7 . 1 1 9 . 9 9 . 8 71 
4 6 . 3 1 9 . 5 1 1 . 2 66 
6 4 . 3 1 9 . 5 12 .9 62 
78 .0 2 7 . 0 17 .40 57 
106 .0 1 7 . 5 1 6 . 5 53 
113 .0 1 7 . 5 1 7 . 4 51 
1 2 0 . 5 1 8 . 4 1 9 . 2 50 
129 .0 1 8 . 2 2 0 . 3 49 
1 5 7 . 6 1 5 . 4 2 1 . 2 43 
163 .0 1 5 . 7 23 .0 41 
k ^ = 6 . 5 3 x 10 5 secT o b s . 
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T a b l e 7 8 . Deu te r ium Exchange i n 0 .169 M_N-Methylmorphol ine— 
0 .22 M_ Methylammonium Ion 
0 .169 M_ N-Methy lmorpho l ine 0 .22 M_ Methylammonium Ion 
0 .145 M_N-Methylmorpholinium Ion 0 . 1 4 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 .036 M_ Sodium P e r c h l o r a t e 
Expe r imen t 
Number Time ( M i n u t e s ) D 2 H l P e r Cent 
4 4 . 3 2 1 . 6 2 . 3 9 5 , 0 
9 1 2 . 5 2 3 . 2 2 . 8 9 3 . 0 
9 2 4 . 0 2 2 . 0 5 .0 85 .0 
4 2 8 . 0 2 0 . 3 5 .5 8 2 . 3 
3 4 . 5 2 1 . 2 5 . 7 8 2 . 3 
4 3 6 . 5 1 7 . 8 6 . 3 77 .0 
4 4 3 . 5 1 8 . 5 6 .7 76 ,5 
9 5 0 . 0 2 2 . 7 1 0 . 5 71 .0 
4 5 7 . 0 1 7 . 2 8 . 3 70 .0 
4 6 3 . 0 1 8 . 9 1 0 . 2 6 7 . 5 
9 6 6 . 5 2 0 . 5 1 3 . 2 6 3 . 0 
4 70 .0 16 .9 9 . 5 6 6 . 3 
9 79 .0 1 5 . 8 1 1 . 3 60 .0 
9 9 7 . 5 16 .6 1 5 . 5 53 .0 
4 1 0 2 . 0 1 4 . 9 1 3 . 6 54 .0 
9 116 .0 15 .6 1 7 . 3 4 8 . 5 
4 1 5 2 . 0 1 3 . 6 1 7 . 1 45 .0 
k , o b s . 
= 1.05 x 1 0 - 4 s e c T 1 
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T a b l e 7 9 . D e u t e r i u m Exchange i n 0 . 1 2 7 M_ N - M e t h y l m o r p h o l i n e - -
0 .22 M̂  Methylammonium Ion 
0 . 1 2 7 M N-Methy lmorpho l ine 0 . 2 2 M Methylammonium Ion 
0 .109 M N-Methy lmorpho l in ium Ion 0 .14 M I s o b u t y r a l d e h y d e - 2 --d 
0 . 0 7 3 M Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 H l P e r Cent D 
2 0 . 0 2 0 . 9 3 .5 9 1 . 0 
2 8 . 5 1 8 . 3 4 . 6 8 3 . 8 
34 .0 19 .7 5 . 1 8 2 . 8 
3 8 . 5 20 .1 5 . 4 8 1 . 8 
58 .0 18 .6 8 . 1 7 2 . 5 
8 5 . 0 1 5 . 0 8 .8 6 5 . 3 
96 .0 1 7 . 7 1 1 . 5 6 2 . 8 
1 3 2 . 5 1 3 . 3 12 .0 54 .0 
136 .0 13 .0 1 3 . 4 5 0 . 3 
1 5 4 . 5 1 2 . 0 12 .9 4 9 . 0 
1 6 8 . 5 1 0 . 6 1 3 . 8 4 4 . 0 
k , = 8 . o b s , 1.3 x 1 0 '
5 s e c T 1 
T a b l e 80 . D e u t e r i u m Exchange i n 0 .084 M N - M e t h y l m o r p h o l i n e — 
0 .22 M Methylammonium Ion 
0 . 0 8 4 M N - M e t h y l m o r p h o l i n e 0 . 2 2 M Methylammonium Ion 
0 . 0 7 3 M N-Methy lmorpho l in ium Ion 0 . 1 4 M I s o b u t y r a l d e h y d e - 2 --d 
0 .109 M_ Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 H l P e r Cent D 
2 2 , 5 1 9 . 9 2 . 3 94 
3 9 . 5 2 0 . 1 4 . 1 8 6 . 8 
6 3 . 5 2 3 . 6 7 .0 8 0 . 3 
9 5 . 5 1 7 . 2 7 .3 72 .5 
114 .0 1 5 . 8 7 .2 7 1 . 5 
134 .0 16 .3 8.5 6 8 . 0 
165 .5 1 3 . 5 1 0 . 8 5 7 . 3 
1 8 3 . 5 1 4 . 5 1 1 . 3 5 7 . 8 
203 .5 1 3 . 5 1 2 . 7 5 4 . 0 
2 6 1 . 5 1 3 . 7 1 5 . 6 4 7 . 5 
k = 5 . 
o b s . 
15 x 1 0 " 5 s e c T 1 
161 
Tab le 8 1 . Deu te r ium Exchange i n 0 . 2 1 1 M_N-Methylmorphol ine— 
0 .22 M_ Methylammonium Ion 
0 . 2 1 1 M N-Methy lmorpho l ine 0 .22 M_ Methylammori :ium Ion 
0 .182 M N-Methy lmorpho l in ium Ion 0 .14 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 H-j_ P e r Cent D 
1 7 . 0 2 3 . 1 5 . 1 8 5 . 5 
2 6 . 0 2 1 . 1 6 .4 80 .0 
3 2 . 3 19 .9 6 .9 7 7 . 5 
4 2 . 2 1 7 . 4 9 .9 66 .0 
51 .0 1 6 . 5 1 0 . 6 6 3 . 0 
6 2 . 0 1 6 . 7 1 1 . 0 6 2 . 5 
6 5 . 3 1 6 . 4 1 2 . 1 5 9 . 3 
76 .0 15 .6 1 4 . 8 5 2 . 5 
9 2 . 3 1 5 . 3 1 7 . 7 4 7 . 0 
106 .0 12 .6 17 .6 4 0 . 0 
= 1 .37 x 1 0 ~ 4 s e c T 1 
T a b l e 8 2 . Deu te r ium Exchange i n 0 .154 M_N-Methylmorphol ine— 
0 .22 M_ Methylammonium Ion 
0 .154 M_ N-Methy lmorpho l ine 0 .22 M_ Methylammonium Ion 
0 .424 M N-Methy lmorpho l in ium Ion 0 . 1 4 M I s o b u t y r a l d e h y d e - 2 - d 
0 Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 R± P e r Cent D 
1 7 . 8 2 2 . 0 4 . 6 86 .0 
4 7 . 0 1 5 . 2 6 .2 74 .0 
5 9 . 0 1 6 . 0 8 .8 6 7 . 0 
6 1 . 5 1 8 . 1 1 0 . 1 6 6 . 5 
6 3 . 8 1 7 . 8 12 .0 6 4 . 0 
7 8 . 5 1 6 . 7 1 3 . 5 5 7 . 3 
9 2 . 3 1 5 . 0 1 3 . 5 5 4 . 3 
107 .0 1 3 . 6 1 5 . 2 4 8 . 0 
1 2 2 . 8 1 2 . 3 16 .6 4 3 . 0 
k v = 1.12 x 1 0 " 4 s e c T 1 
o b s . 
162 
T a b l e 8 3 . Deu te r ium Exchange i n 0 . 1 0 6 M_ N - M e t h y l m o r p h o l i n e — 
0 .22 M_ Methylammonium Ion 
0 .106 M_N-Methylmorpholine 0 .22 M_ Methylammonium Ion 
0 . 0 9 1 M_ N-Methy lmorpho l in ium Ion 0 . 1 4 M_ I s o b u t y r a l d e h y d e - 2 - d 
0 . 0 9 1 M_ Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D^ P e r Cent D 
65 2 1 . 9 
79 19 . 3 
81 2 0 . 7 
100 1 9 . 8 
112 1 8 . 4 
128 1 9 . 4 
145 16 .9 
150 20 .3 
173 1 9 . 0 
191 16 .5 
k , = 6 . o b s . 
8 .3 7 5 . 3 
8 .8 7 2 . 5 
9 . 5 7 3 . 3 
1 0 . 8 6 7 . 0 
10 .9 6 5 . 0 
1 2 . 8 ,62.0 
1 4 . 8 5 4 . 5 
1 7 . 4 5 5 . 3 
1 7 . 5 5 0 . 5 
20 .4 45 .5 
1 0 " 5 s e c T 1 
T a b l e 8 4 . Deu te r ium Exchange i n 0 .167 M N - M e t h y l m o r p h o l i n e — 
0 .22 M Methylammonium Ion 
0 .167 M_ N-Methy lmorpho l ine 0 . 2 2 M_ Methylammonium Ion 
0 .168 M_ N-Methy lmorpho l in ium Ion 0 . 1 4 ^ I s o b u t y r a l d e h y d e - 2 - d 
0 .042 M Sodium P e r c h l o r a t e 
Time ( M i n u t e s ) D 2 H l P e r Cent D 
23 15 .7 3 . 4 86 
41 1 1 . 2 3 . 4 80 
55 1 4 . 7 6 . 3 73 
76 1 1 . 1 6 .6 65 
79 1 2 . 9 8.2 63 
87 1 3 . 0 9 . 4 60 
103 9 .9 8 .7 55 
104 1 1 . 6 9 . 7 56 
116 1 1 . 5 . 1 1 . 3 52 
126 1 1 . 2 1 1 . 7 , 50 
142 1 0 . 1 
k , = 9 . 3 obs ' . 
1 2 . 6 




T a b l e 8 5 . Deu te r ium Exchange i n 0 .125 M N - M e t h y l m o r p h o l i n e — 
0 .22 M_ Methylammonium Ion 
0 .125 M N-Methy lmorpho l ine 0 .22 M_ Methylammonium Ion 
0 .126 M_ N-Methy lmorpho l in ium Ion 0 . 1 4 M I s o b u t y r a l d e h y d e - 2 - d 
0 . 0 8 4 M Sodium P e r c h l o r a t e 
Time ( M i n u t e s D 2 - % P e r Cent D 
27 16 .5 3 .2 88 
60 1 4 . 2 5 . 3 76 
63 14 .0 5 . 3 76 
98 1 2 . 8 7 .6 65 
133 1 1 . 0 9 . 7 55 
149 8 .7 8.9 51 
174 8.6 1 1 . 0 45 
k ^ = 7 .50 x 1 0 " 5 s e c T 1 
obs . 
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NUCLEAR MAGNETIC RESONANCE SPECTRA 
T e t r a m e t h y l s i l a n e was used as an i n t e r n a l r e f e r e n c e i n t h e n e a t 
s p e c t r a and t h o s e u s i n g ca rbon t e t r a c h l o r i d e . Sodium 3 - ( t r i m e t h y l s i l y l ) -
1 - p r o p a n e s u l f o n a t e was used as an i n t e r n a l r e f e r e n c e i n a l l aqueous s p e c ­
t r a . 
The f o l l o w i n g a b b r e v i a t i o n s w i l l be u sed w i t h t h e n u c l e a r m a g n e t i c 
r e s o n a n c e s p e c t r a : 
S .T . = Sweep Time R . F . F . =, R. F . F i e l d 
S.W. = Sweep Width S.O. = Sweep O f f s e t 
F . B . = F i l t e r Bandwidth S.A. = Spec t rum Amp. 
F i g u r e 7 . N u c l e a r Magne t i c Resonemce Spec t rum of I s o b u t y r a l d e h y d e - 2 - d 
N e a t . F . B . : ' 4 c . p . s . ; , R . F . F . : 0 .02 mG.; S . T . : 250 s e c ; 
S.W.: 250 c . p . s . ; S .A. : 0 . 5 0 ; I n s e r t S . O . : 350 c . p . s . 
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F i g u r e 9 . N u c l e a r Magne t i c Resonance Spec t rum of a Mix tu re of 
I s o b u t y r a l d e h y d e and I s o b u t y r a l d e h y d e - 2 - d i n Deu te r ium 
O x i d e . F . B . : 0 . 4 c . p . s . ; R . F . F . : 0 .02 m G . ; S . T . : 
250 s e c ; S.W.: 50 c . p . s . ; S .A. : 1 0 ; S .O . : 40 c . p . s . 
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F i g u r e 1 0 . N u c l e a r Magne t ic 
i n CC1 4 . F . B . : 
250 s e c ; S.W.: 
100 c . p . s . 
Resonance Spect rum 
2 c . p . s . ; R . F . F . : 
500 c . p . s . ; S .A . : 
o f I s o b u t y r a l d o l 
0 .02 mG.; S.T . : 
3 . 2 ; I n s e r t S . O . : 
F i g u r e 1 1 . N u c l e a r Magne t ic Resonance Spec t rum of I s o b u t y r a l d o l 
i n Deute r ium O x i d e . F . B . : 0 .4 c . p . s . ; R . F . F . : 0 .05 mG.; 
S . T . : 250 s e c ; S.W.: 500 c . p . s . ; S . A . : 1 6 ; I n s e r t S . O . : 
100 c . p . s . 
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